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SELEC'nON' OF SALIMONELLA AND 8HIGELLA CULTURES FOR 

SEROLOGIC CLASSIFICATION* 


W. H. E\VI^■G, M.A.A A.VD D. W. BRUXER, Ph.D. 

/■'roni Ihe Nciv York Sialc Velerinanj Collctje, Cornell Univeraily, llhacn, 

Xcw York 


A jarge proportion of tiie microorganisms sent to various iaboratoiles for 
. coiifiiTnation as .Salmonella or Shigella t^Ties belong to neither group, but are 
paracolon, colifonn, or other entenc bacteria. For this reason, the writers 
have been urged^- to present a revision of an article which appeared in a military' 
journal, publislied in Italyd^ dealingwith procedureswhich aid in the elimination 
of paracolon and Proteus cultures in the laboratory in wliich they are first 
isolated. The writci'S were than assigned to the 15th Medical General Labo- 
ratory, stationed in Italy. The}’ found that of the cultures submitted to them 
for typing as salmonellae or shigellae, 39 per cent were paracolon, Proteus, or 
other bacteria. 

During a twenty-one month period, some 2-i,0D0 fecal specimens and rectal 
swabs from patients and food handlers (ci\ilian and Ai’my pei'sonnel) were 
examined bacteriologically. The technics which were employed in the exami- 
nation of these specimens were outlined in the first publication and will be 
presented here in a somewhat revised foi-m. The subject will first be treated in a 
general way and then the differentiation of Salmonella and Shigella cultures will 
be discus.sed separately. 


GKNBR.'VL 

There are several points to be considered in the original treatment of a speci- 
men. In both bacillar}" dysenteiy and gastro-enteritis or enteric fever caused 
by the salmonellae, it is important to make cultures in the acute stage of the 
disease, since the number of microorganisms in the stool diminishes rapidly and 
late cultures are likely to be negative. Early in the infection the patient’s 
stools are formed. This is followed by a series of wateiy evacuations rvhich 
contain shreds of mucus, and often, especially in bacillary dysentery, macroscopic 
blood . If the mucous .shreds are washed in physiologic saline and then cultured 
directly by streaking over the surface of the plating medium, the infecting mi- 
cro-organism is usually recovered in almost pure culture. Also, it is important 
that the specimen be cultured just as soon as possible after collection. One of 
the best procedures is to deliver the stool in the pan directly to the laboratoiy, so 
that. the bacteilologist can select suitable portions for microscopic e.xamination 

*This i)a})er is, in pari, based on work done in the loth Medical General Laboratory. 
United .States Army. Received for publication, July 31, 1946. 

t Present respective addre-sses of the authors, Department of Pathology- and Bacteri- 
ologj', New York State Veterinary College, Cornel! University, Ithaca. New York, and the 
Department of Animal Pathology, Kentuck}- .A.gricultural Experiment Station, I'niversity 
‘if Kentucky, Le.xington, Kentucky. 
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and cnltural work. If this cannot be done, some other means for rapid delivery 
and prompt treatment of the specimen must be devised. When conditions are 
such that it is impossible to culture all specimens immediately, it is recom- 
mended that a suitable portion, containing mucous shreds, if present, be placed in 
a preserving medium until such time as it can- be cultured convenientl^^ The 
preservative employed by Sachs (see Boyd®) can be recommended; other such 
mediums have been reviewed by Bangxang and Eliott.- 

When it is possible to do so, it is often a distinct advantage to collect rectal 
swabs for cultural study. By this method, an e.vperienced team of two or three 
workers can collect and culture several hundred specimens in a short period of 
time. The technic is also useful for the examination of food handlers and for 
collecting specimens from dispensaiy or office patients. 

In chronic cases where the stool is negative, swabs taken directly from the 
lesions at proctoscopic examination often reveal the inciting microorganism in 
nearly pure culture. 

Plating meclums. Several good plating mediums are available. The highly 
selective Shigella-Salmonella Agar (Difco) and Desoxycholate Citrate Agar 
(BBL) are excellent and ha^"e the advantage that large amounts of inoculum 
may be used. Brilliant green agar, as recommended by Kauffmann,^® is widely 
used in the isolation of salmonellae and bismuth sulfite agar surpasses all others 
in detecting typhoid bacilli.'’ Fecal material or mucus bn a swab may be streaked 
over the entire surfacie of the plate since coliform organisms are greatly inhibited. 
In using these mediums, however, great care must be e.xercised in picking colonies, 
because, although the coliform bacteria on the plate are inhibited, they are not 
necessarily dead. If colonies are not carefully picked, extraneous microorgan- 
isms may be transferred to the triple sugar medium. This point is stressed 
because Kligler’s slants are frequently received which have two or three dif- 
ferent microorganisms present, owing to carelessness in fi.shing colonies. In 
routine work on hospital cases, it is advisable to employ a differential plating 
medium such an cosin-methylene-blue or MacConkey agar in addition to .selective 
mediums. Ihis procedure affords a better idea of the general intestinal flora 
and allows isolation of an occasional pathogen which maj'’ not grow on the se- 
lective mediums. 

Enrichment mcduims. Selenite-F medium (BBL) is probably the medium 
of choice for general work. For .salmonellae, in\'estigators prefer tetrathionate 
bouillon. Galt on and Quan'® reported an increase of HU per cent in finding 
Salmonella owing to the efficacy of the combination of tetrathionate bouillon 
and brilliant green agar. Tetrathionate medium, however, is not considered a 
favorable medium lor shigellae, and these microorganisms usually can be cul- 
tured from Selenite-F broth. The procedure recommended is to inocidate the 
primaiy plating medium with fecal material by means of cotton swalis made on 
half an applicator stick and then to place the swab containing from 0.1 to 1 .0 gm. 
of feces in a tube ol Selenite-F enrichment medium. The specimen must be 
emulsified in the enrichment broth. A large inoculum should be used with 
emichment medium; the coliform bacteria are inhibited and the enteric path- 
ogens have an opportunity to increase in number. The Selenite-F and tot- 
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rnthioiititG mcdiiims me incubjilcd from sixteon to eighteGn hours and if the 
primary plates me negatixe, se\eral large loopfids of tlie broth are cultured on 
iin additional {sccondain ) S.t?., biilliant green agar, or desoxycholate citrate-agar 
plate. Bis-niuth sulfite agar plates heavily seeded are frequently employed 
without any inoculation of enrichment broth to isolate Salmonella iyphi. 

In acute ca.ses of both salmonellosis and bacdlary dysentery (shigellosis), 
the primary’ plates are usualh’’ positive, so that The Selcnite-F medium, or telra- 
thionate bouillon, is of greatest value with specimens collected after the acute 
phase in chronic eases and in carrier studios where the number of pathogens in 
the feces is likely to be small. Incidentally, it might be well to note that enrich- 
ment mediums may be used to advantage for cultures of blood, urine and gall- 
bladder drainage in cases in which a Salmonella type is considered as a possible 
etiologic agent. 

Diffcrenh'al Mcdiiuyis, AYhen plates are obtained which contain colonies of 
nonlactose fermenting bacteria, several such colonies are ti-ansferred to Kligler’s 
or Knimwiede/s medium. AA’e employ routinely a modified Kligler’s medium 
made by adding 1.0 per cent sucrose to Kligler’.s Iron --Vgar CDifco); this medium 
also may.be considered as a modification of Krumwiede's Triple Sugar medium. 
The modified Kligler’s medium is similar in reacti(m to that recently described 
by Hujna.*' (The Triple Sugar Iron medium of Hajna is available from Balti- 
more Biological Laboratory and a similar one is a', ailable from Difeo Laborator- 
ies.) After overnight incubation at 37 C., the.sp .-lams are examined and those 
which have acid and gas throughout arc recorded ah.l tliscarded. Occasionallj', 
slant.s arc vseen which show acid only tiirouglmut and these are usually anaer- 
ogenic coliforms. ySoraetime.s, there are gram-positive cocci, and a fair number 
of these are received for confiiTnation as shigellae. Kligler’s or Triple Sugar 
Iron (TSI) .slant.s wliich exhibit the typical acid butt, with or without gas, and 
alkaline slants are inoculated on Christensen’s' urea medium for the elimination 
of Proteins cultures. The latter medium is incubated from two to four hours at 
37 C-, at the end of whicii time a preliminary reading is made. Those speci- 
mens that are negative at the preliminar\' reading are then tested with Sal- 
monella and Shigella antiserums bj' the sjDOt plate technic (vtde infra). Follow- 
ing the prelirninaiy reading, the urea medium is reincubated; positive reactions 
are u.sually complete at twenty-four hours’ incubation and may be lecoided and 
discarded, if desired. Negative cultures are incubated at least forty-eight hoiiis, 
since it has been found that certain bacteria of tlie paracolon .A.erobactei gioup 
give a weak dela 3 ^ed reaction. Tins fact aids in the differentiation of these 
cultures. The salmonellae and shigellae are uniformh' negative. The formula 
for Christensen’s 'urea medium and details of its use are given bj' Bw ing. 

Biochemical and physiologic reactions. The final step in the examination of 
cultures is the stiid^’- of their biochemical and phj’siologic reactions. This is the 
onl^’ method at pre.sent available for the final elimination of paracolon bacteria. 
Cultures thought to be ySalmonella or Shigella U'pes should be confii’med as such 
hy the application of a few important biochemical tests before they are submitted 
for t 3 y)ing. 
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For indol and hydrogen sulfide tests we emplo 3 '’ed 2 per cent Bacto peptone 
plus 0.5 per cent sodium chloride and 0.3 per cent beef extract in tap water. 
Single tubes were used and, after inoculation, a strip of oxalic acid impregnated 
paper and a strip of lead acetate paper were suspended inside the tube and held 
in place by a cotton stopper. - Tests for indol may also be made with Kovac’s 
reagent after the papere have been read, if so desired. 

We recommend the use of a semisolid medium for determination of motility 
among the enteric microorganisms. The method is more accurate than micro- 
scopic examination, especiall}'- in the case of sluggishly motile bacteria. The 
motility medium described bj'- Edwards and Bruner'^ is an excellent one; or, 
ttyptone water, containing 0.25 per cent agar, ma 3 '' be emplo 3 '^ed. 

The interpretation of the above ply'^siologic reactions regarding Salmonella 
and Shigella cultures as well as the reactions in carboh 3 '-drate broths ai’c dis- 
cussed below under the separate headings Salmonella and Shigella. 

SALMONELLA 

During twent 3 ''-one months of operation in Italy, the Veterinary Section of the 
15th Medical General Laboratory received 1789 cultures for classification as 
Salmonella. Among these, 757 (42 per cent) were proved not to be Salmonella 
types. The purpose of this writing is to describe certain biochemical and ser- 
ologic tests b 3 ' which man 3 '' of those non-Sahnonella organisms can be readib’ 
screened out by the laboratoiy in which they are isolated. Although no absolute 
schema can be e\'oh’-ed for the immediate deletion of all nonmembers of the 
genus, it is possible to employ some routine procedures which vill eliminate a 
large number of them. Since the group is rather broad and has been extended to 
include a large number of serological^’’ related microorganisms, it is not desirable 
to adhere too closely to an 3 ' set rules in choosing cultures for confii-mation as 
Salmonella. In certain instances, the final identification is based on some 
characteristic of the microorganism, which is almost impossible to establish in 
the field laboratoiy. 

In order to draw a line of demarcation between the genus Salmonella and re- 
lated t 3 ’pes, it is necessaiy to frame a definition. The one general^’ accepted for 
the genus is as follows Salmonella is “a large genus of serologically related, 
gram-negative and non sporing bacilli, 0.4 to 0.6 microns by 1 to 3 microns in 
usual dimensions, but occasionally foiTning short filaments; showing, with cer- 
tain exceptions, a motile peritrichous phase in which they normal^’’ occur; in 
fact adhering to the pattern of B. iyplwsxis in staining properties and morphology. 
Failing to fennent sucrose or to clot milk and rarely fermenting lactose, liquefy- 
ing gelatin or producing indol, they regularly attack glucose -wfith, but occasion- 
all 3 ’ without, gas production. All the known species are pathogenic for man, 
animals, or both.” 

In selecting a culture to be submitted for confirmation as Salmonella, some 
practical tests of a biochemical nature and others of serologic character are 
emplo 3 'ed. Since, in our comments above, we have carried the identification of 
enteric bacteria to the stage of modified-Kligler’s medium and have tested the 
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TABLE 1 


OUTUNB OF PrOOTDGRB FOR IDENTIFICATION OF SALifONEELA AND ShIGELLA CULTURES 

Modified Kligler's iron or triple sugar iron 
medium 

I 

Urea medium (Christensen) 

I 

_ \ 

2 to 4 hour reading of urea medium 


Proteus group, (reincubate negative 

Paracolon Aerobacter group, etc. urea medium) 

Kligler iron agar (KI) or triple sugar iron agar (TSI) | 


HtS- 


HjS- 


Salmonella polj'valent Shigelia polyvalent antiserums 

antiserums Salmonella polyvalent antiserums* 

1 i 

+ - + - 
Identify serologically; Do bio- . Identify serologically Do bio- 
confirm biochemicallj’, chemical and confirm biochem- chemical 

if necessarj'. tests ically if necessary tests 


If not readily identifi 
able, do biochemical 
tests. 



Glucose 

Salmonella 

+ 

Lactose 

— 

Sucrose 

— 

Salicin 

— 

Mannitol 

not needed 

Citrate 

not needed 

Motilitj" 

not needed 

HjS (paper) 

-b 

Indol (paper) 

— 


Shigella 

+ 

V (delayed) t 

V (delayed) 


V 


V 

V 


* Occasional Salmonella cultures may fail to produce in Kligler’s medium^ Also 
certain shigellae and salmonellae cross-agglutinate, a fact which aids m their recogmt on 

^ t Indicates a positive reaction, urea, hydrolysis, H.S 
tion, or agglutination in antiserum; — ,no reaction; ^ 

cultures; and V, that, if there is a reaction, it is usually delayed 48 hours or longer. 
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bacteria with urea agar, we awII continue our screening at that point. Ordi- 
narily, Salmonella suspects are hydrogen sulfide producers and do not form indol. 
They ferment glucose, but do not ferment lactose, sahcin or sucrose. Ac- 
cordingly, the ability of the selected culture to conform to these reactions should 
be investigated. 

Tests for hydrogen sulfide and indol are made as indicated above in the general 
discussion. Such tubes should be incubated for forty-eight hours before being 
discarded. Salmonella cholerae-suis (American type) does not produce h 3 ’-drogen 
sulfide b}’- this procedure, nor does Salmonella herta or Salmonella senftenberg 
var. newcasile. We encountered none of those serologic types in the Mediter- 
ranean area. The other members of the genus, including Salmonella paratyphi 
A, blacken lead acetate paper. Certain cultures of Salmonella eastbourne pro- 
duce indol (Kovac’s reagent), but members of the genus are not known to pro- 
duce a pink color on oxalic acid paper under the conditions of this test. 

Fermentation tests ai-e conducted in nutrient broth containing brom-cresol- 
purple or Andrade’s indicator and 1 per cent of the fermentable substances, 
except for salicin, which is employed in 0.5 per cent concentration. Salmonella 
suspects should ferment glucose with the formation of acid and usuallj’’ of gas. 
Salmonella galHnariim, Salmonella typhi {Eberthella lyphosa) and, occasional^, 
cultures of Salmonella typhi-imiriwn are anaerogenic. The presumptive Sal- 
monella type should not ferment salicin, sucrose, or lactose. Lactose fermenting 
Salmonella have been described but they are extremely rare and in the exami- 
nation of 1032 cultures by this laboratory none was encountered.' An outline of 
a procedure for the identification of salmonellae and shigellae which includes the 
biochemical and physiologic reactions regarded as “minimum”, is given in Table 
1. Adonitol ma}' be substituted for, or used in conjunction with salicin, since 
the salmonellae do not utilize • this substance. (For additional physiologic 
reactions of the Salmonella group, see Kauffmann'® or Toplej’- and Wilson.--) 

As a lule, fermentation tests should be incubated at 37 C. for two weeks be- 
fore being discarded. If this plan is followed and onty those cultures which 
exhibit the above listed characteristics are submitted, it will be observed that 
onty a small percentage will fail in classification as Salmonella types. The 
elimination of this small percentage is based on the lack of an}^ serologic re- 
lationship to the known Salmonella bacteria, combined with ability to ferment 
salicin, lactose, or sucrose on prolonged incubation. Whereas it maj' be neces- 
sar\' to wait se\'eral months before biochemical behavior warrants a negative 
report, a microorganism which bears the antigens of an established Salmonella 
type can be identified readily and quickly. 

Where it is necessaiy to submit cultures for Salmonella confirmation after onl.y 
a short period of observation, the same tests should be conducted to rule out those 
bacteria which quickty show their nonconformity to the above biochemical 
pattern. Sealing the fermentation tubes with corks dipped in paraffin often 
will increase the rapidity with which a sugar is attacked bj" a bacterium po- 
tentialK' able to do so. 

Fi-equenth\ it is de.sirable to combine rapid serologic tests along with biochem- 
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ical methods in order to decide whether a particular culture warrants immediate 
confirmation, as a type of SalmoneUa. A pohwalent anti-Salmonella agglu- 
tinating serum containing antibodies for ail known Salmonella antigenic factors 
can be employed (authors’ unpublished data EdAvards^-). When characteristic 
growth is obtained on SS Agar, or on the differential sugar mediums, it mav be 
tested directfy in a spot test with the polyvalent a ntiseiTini. A positive reaction 
how'ever, is only presumptive evidence because numerous microorganisms of the 
enteric group possess antigens in common with the delineated genus Salmonella 
and a broader serologic and biochemical study of the culture undergoing the test 
might not warrant its recognition as a Salmonella type. A negative reaction 
would be presumptive evidence that the culture did not belong to the genus. 
This can be conbrmed by noting its biochemical beha^dor. 

A polyvalent anti-Salmonella agglutinating serum w'as prepared by members 
of the Yeteriamy Section of the 1 5th Medical General Laboratoiy^ by injecting 
a single rabbit with a suspension of all the knowm Salmonella antigens. This 
antiserum was distributed to numerous Arm}-- laboratories and -was also employed 
by members of this installation. All of the Salmonella cultures which were 
classified serologically were agglutinated by the poljwmlent .seium. The fact 
that members of the genus Salmonella possess antigens in common with certain 
other members of the enteric group will lead to a number of false positive results. 
These are eliminated by complete serologic tjyiing and a thorough biochemical 
anal 3 ’'sis. For instance, Shigella pamdysenieriae (Flevner I and II) possess 
somatic antigens in common with Salmonella poona and Salmonella vjoiihington 
and a poljwmlent Salmonella antisemm will agglutinate those Shigella t 3 'pes, 3 ''et 
further study readily separates them into their respective genera. 

From the above discussion, it is concluded that Salmonella t 3 ’'pes ordinarib’’ 
are h 3 'drogen sulfide-positive and indol-negative. The 3 ' feiment glucose but 
do not ferment lactose, salicin, or sucrose. The 3 ' can be agglutinated on a spot 
plate with pob'valent anti-Salmonella seiaim, and cultures can be sent to labor- 
atories which possess a complete Salmonella t 3 'ping kit, for confirmation and 
clas.sification. 


SHIGELLA 

In the same twentj’^-one month period referred to previousb’', 1 121 cultuies from 
feces were submitted to the Bacteriolog 3 '' Section for confirmation as shigellae. 
This figure includes onb’’ cultures submitted from United State.s Aimy Hospitals 
and Medical Laboratories, and is exclusive of cultures isolated in the 15th Med- 
ical General Laboratory. Of these, 735 (65 per cent) were Shigella types and 
386 (35 per cent) were paracolon, Proteus, coliforms, and other bacteria. The 
application of certain tests, both serologic and biochemical, will reduce grea% 
the percentage of error and should aid laboz’ator 3 ^ worker* in the selection o 
cultures to be submitted to other laboratories for t 3 'ping. 

HTile certain investigators may differ on one or two minor points, the follow- 
ing w'orking definition of the genus Shigella (Borman, Stuart, and Yheelei ) 
serves as a point of departure for this discussion; jMembers of Shigella are aei- 
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obic, non-sporogenic, gram-negative, non-motile rods, anaerogenic in glucose 
(Infrequently, variants antigenically identical with normal forms are micro- 
aerogenic). Do not grow on bismuth sulfite agar. Uniformly do not form acetyl- 
methylcarbinol or H 2 S, ferment lactose, utilize citrate, hydrolyse urea; very 
rarely reduce trimethylamine oxide. . Inocula of young cells from broth culture.*? 
do not produce acid and usually do not grow in glucose broth at 45 C. Part of 
the antigens of certain vai-ieties ma 3 '^ be identical with those of the genus Sal- 
monella but in no case are the major antigens of an S fonn of this genus identical 
with those of the Kauffmann-White schema. In nature, (organisms are) 
parasites of man.” 

In the general discussion, the treatment of cultures which appeared suspici- 
ous on Kligler’s medium (modified) was carried to the urea medium stage: 
differentiation of Shigella cultures is continued from that point. Following the 
preliminary reading, those cultures which are found to be negative on the urea 
medium are tested in various Shigella antisei-ums bj*^ the spot plate technic. A 
heavy suspension of the microorganisms maj*^ be made in fonnalinized physio- 
logic saline solution from the growth on the Kligler’s slants. Or, a plain in- 
fusion slant may be inoculated and incubated for about six hours and a suspen- 
sion made from this. Cultures which produce blackening of modified ICligler’s 
or Hajna’s medium need not be tested in Shigella antiserums. In the exam- 
ination of hundreds of cultures of Shigella microorganisms, none was seen which 
produced blackening of the Kligler’s medium. (See also the definition of the 
genus Shigella given by Bonnan, Stuart, and Wheeler.^) 

Polyvalent and specifically adsorbed monovalent antiserums are used to 
identify Shigella cultures. Methods for the preparation of such antiserums are 
given bj’" Boyd,® Wheeler,-^ Weil el alP Ewing, and others. Tests are fir.st 
made in polyvalent and then in monovalent antiserums. Proper use of an- 
tisemms should enable the laboratoiy workei- to classif.y tentatively nearly all 
of the dj-'senteiy tj’'pes found in the Mediterranean area and those encountered 
in other localities as well. 

.A positive reaction in one of the polyvalent antiserums is pre.sumptive evidence 
that the culture is a Shigella type. Similarlj', agglutination in one of the mon- 
ovalent antiserums is presumptive evidence that the culture is Shigella paradys- 
enteriae, Flexner VI {Shigella newcastle, Bovd 88). Shigella sonnei. Shigella 
nmhigua, etc. 

Cultures which appear to be shigellae, but which agglutinate poorly, or not 
at all, should be tested for “heat-agglutinability”. This maj’’ be done bj'- heat- 
ing a suspension of the liacterium in a water bath at 100 C. for thirty minutes. 
.After such treatment, the suspension is rete.ste.d for agglutination. The property 
of “heat-agglutinability” is noted particularly in Shigella n/A-nfc.srcw.s cultures.* 
but is seen in other .shigellae as well.*--® 

Frcquentl.v, it is de.sirable to obtain information quickl.v as to etiology in 
certain cases, or in a series of ca.^es. If there are a numbei- of nonlactose Icr- 
menting colonies on the original plate.s, spot agglutination tests may be made at 
that point, plain agar slants may be inoculated and spot tests made after about 
six hoins’ incubation. Presumptive informatioji obtained in this way is often 
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of value in the control of an outbreak and of value to the clinician. Definitive 
biochemical tests and serologic studies, however, should never be' omitted. 

Aftei the, spot agglutination tests are completed, a culture should be con- 
firmed as a member of the genus vShigella by a .study of its biochemical and 
physiologic leactions, .«:ince it has been found that some paracolon bacteria 
{.io.-5S-aggIutinate in certain Shigella antiserums. Furthermore, any culture' 
u hich gi\ es a typiccil reaction on Kligler’s medium, is negative on urea medium, 
and fails to agglutinate in any of the vShigella antiserums must be studied br 
means of bioclicmical tests. .Such a culture may be one of the less common 
shigellae. a paracolon bacterium, or even a Salmonella. 

1 he same li.s-t of biochemical and physiologic tests enumerated in the section 
on salmonellae, plus mannitol broth and Simmon’s citrate agar, should be 
ap})licd to microorganisms thought to be shigellae and to all cultures which do 
not agglutinate in Shigella antiserums before they are submitted for further study 
and typing. Certain individual biochemical reactions will serve to eliminate 
most paracolons, aberj'ant coliforms, and the like (Table 1). 

In routine work, we emplo.y the oxalic acid paper method in Shigella studies, 
as well as in Salmonella cultures. While this method is .slightly less sensitive 
than the methods which utilize Kovac’s reagent, it is found that a high degree of 
correlation exists between the two methods. The indol reaction is an important 
tool in Shigella work and it can be relied on, .since it is remarkably stable for the 
tj’pe.s. For definitive work "^nthin the genus .Shigella, 1 per cent tiyptone 
medium cultures and Kovac’s reagent are recommended. The lead acetate 
paper is advi.sed for Salmonella work and it must be remembered that the paper 
method is more sensitive than lead acetate agar, or Kligler’s iron agar. Shigella 
types van' in their ability to blacken the lead acetate paper. This fact is stressed 
so tliat possible Shigella cultures will not be discarded if they are positive by 
this te.st. 

Membei-s of the genus .Shigella are nonmotile. If a semisolid motility medium 
is employed many organi.‘'-ms Avhich do not belong to the genus can be eliminated. 
Paracolon bacteria which might otherwise be confused with shigellae can often 
be eliminated from the latter group bj' this test alone. 

All members of the genus produce acid from glucose. Organisms of the Al- 
caligenes group are found frecjuently in stool cultures and occasionally are sub- 
mitted to us as .Shigella tA’pes. Alcaligenes fccalis does not ferment glucose. 
It i.s sometimes confused with the shigellae because it produces an increased 
alkalinity on the slant in Kligler’s medium; this gives the impression that acid 
lia.s been produced in the butt. If an iminoculated tube of Kligler’s medium is 
compared in such cases it will be observed that no color change has occurred in the 
butt of Kligler’s medium. .Similarly, cultures of Pseudomonas aeruginosa and 
related species produce increased alkalinity on the slant in Higler’s medium. 
In thi.s case, there is usually a purplish cast to the medium caused by diffusion of 
pigment; the pigment is easily demonstrated bj’’ inoculating a plain agar slant or 
tube of broth. Furthermore, Pseudomonas aeniginosa cultures have a char- 
acteristic aromatic odoi'. 

Mannitol i.‘; probably the most valuable carbohydrate used in Shigella work. 
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It is employed, not because it aids in the elimination of microorganisms from the 
genus Shigella, but because it senses to separate the Sh. paradysenteriae types. 
Shigella alkalesce?is, Sh. sonnei, Sh. dispar, etc., from Shigella dysenteriae (Shiga), 
Sh. amhigua, and the other mannitol-negative tj-pes.'®--® All *S/i. paradysen- 
teriae types thus far described ferment mannitol with the exception of certain 
cultures of Sh. paradysenteriae, Flexner VI {Sh. neivcasfle, Boj'-d 88). 

Dela3'ed fermentation (forty-eight hours or longer) of lactose by Sh. sonnei 
and Sh. dispar serve to separate these types from other shigellae. Onty one in 
a series of fifty’- freshty isolated Sh. sonnei cultures produced acid within twenty^- 
four hours; the others required from forty-eight houi-s to ten days. If the 
lactose tubes are plugged ivith corks dipped in paraffin after twenty^-four hours’ 
incubation, acid production Iw both Sh. sonnei and Sh. dispar tends to be ac- 
celerated. Earl3’’ fermentation of lactose generally means that a microorganism 
is not a Shigella type, especialty if gas is produced also. Paracolon bacteria 
are, by definition, late lactose fermenters. Most paracolon cultures produce 
relativety large amounts of gas from fermentable carboh3'drates, but some are 
anaerogenic.-'-’-®'-® Serologic methods, as well as additional biochemical and 
phs’-siologic tests, vdll serve to differentiate both aerogenic and anaerogenic 
paracolon strains from members of the genus Shigella. It should be noted that 
if fermentation tubes are to be plugged, d3m which is not an indicator of o.x- 
idation-reduction must be empl03’-ed. 

Sh. sonnei and Sh. dispar vary in their ability’- to produce acid from sucrose.. 
Some Sh. sonnei cultures which were negative after forty’- da3’s’ incubation un- 
plugged, produced acid in from seven to nine da3^s in corked tubes. Other iS/n 
sonnei cultures were found to be negative at the end of sixty'-one da3’-s in plugged 
sucrose tubes. Occasional cultures of Sh. dispar are encountered which ferment 
sucrose earty, but most strains which produce acid require several da3^s to do so. 
Man3’- are negative in sucrose broth. 

Occasionalty a .strain of Sh. amhigua is encountered which produces acid in 
sucrose (dela3'ed). These can be differentiated easity b3’- their inability^ to fer- 
ment mannitol and agg'.utination in specific semm. 

Shigella cultures which are capable of fermenting sucrose are anaerogenic. 
Paracolon bacteria, while A'uriable in their action on sucrose, are usualty aero- 
genic. Anaerogenic paracolon cultures, regardless of their action toward this 
carbohydrate, can be differentiated from the shigellae on the basis of otlier bio- 
chemical tests, motility^ and serolog3^ Motile anaerogenic paracolon bacteiia are 
described b}' Stuart cl al.-' and othei-s.-®--® 

Shigellae do not ferment salicin and, when this carboh3drate is available, 
it is quite useful, but as a nile it is not essential for separation of paracolon 
bacteria from Shigella cultuips. All paracolon types do not ferment salicin 
but cultures which do, can be eliminated from both the genus Salmonella and 
the genus Shigella. As stated above. Salmonella cultures do not utilize adonitol 
and this substrate ma3- be substituted for, or used in conjunction with, .salicin. 
Adonitol is also of considerable value in Shigella Avork since, Avith the possible 
e.xception of S. dysenteriae,^ these microorganisms are not knOAA'n to fciment it. 

None of the described shigellae utilize citrate. For this reason, Simmon’s 
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citrate agar is useful in separating those paracolons which utilize it. However, 
most Salmonella tj-pes utilize citrate, S. iypU and Salmonella anaium being 
notable exceptions. 

Aerogenic variants of certain Shigella tj^jes may occur just as certain cultures 
of Salmonella may be anaerogenic. The original description® of the serotype 
now known as Sh. paradysenteriae, Flexner VI, was a tj^pe which produced gas 
from fei-mentable carbohydrates and was mannitol-negative. This type was 
formerly knomi as the Newcastle bacillus and Shigella nmoca&tle. Later, a 
variety Avhich produced acid and gas from mannitol (Manchester tjpe) was 
described.^® Bo}’-d® found anaerogenic cultures (Boyd 88 tjpe) which were later 
shown to’ be serologically identical to the Newcastle and Manchester varieties. 
V hile these microorganisms generally are referred to as microaerogenic, othem 
have been isolated in Africa and Italy which produce as much as 75 per cent of 
gas in fermentable carbohydrates (inside diameter of gas tube 4 to 5 mm.). 

Boyd^ described microorganisms related to his P. 274 tjpe {Sh. paradysen- 
teriae, Boyd IV) which produce gas in fennentable carbohj'drates (Wheeler 
ctal.-^ aho). 

Aerogenic cultures related serologicalty to varieties® of Sh. dispar are being 
studied in this laboratory. 

Use of the above list of biochemical tests (Table 1) Avill enable laboratoiy 
workers to confirm cultures which do not agglutinate in antisemms for the more 
common types as probable shigellae, to confirm cultures which agglutinate in 
the semms as shigellae, or as probable shigellae and, finall}^, to eliminate most 
paracolon cultures. There are e.xceptions in regard to fermentation of some 
carbohydrates so that it is impossible to make general statements which will 
cover all situations. Use of these notes, however, should increase greatlj'- the 
number of confirmations of cultures submitted for specific typing. 


SU.M^LARY 

Biochemical and serologic tests are described which will aid laboratoiy workers 
in their identification of Salmonella and Shigella cultures. The methods outlined 
vill serve to eliminate most microorganisms of doubtful significance in the 
laboratories in which the^’- are first isolated. 


REFERENCES 

1. Archer, G. T. L.; Factor inhibiting agglutination of Bact. alkalescens Iw homologous 

serum, J. Roy. .Army M. Corps, 79; 109-117, 1942. 

2. B.A..VOXANO, E. N., AM> Eetot, C. P.; Investigation of preserving solutions for recovery' 

of dysenter}' bacilli from fecal .specimens. .Am. J. Hyg. Sect. B, 31: 16-30. 1940. 

3 Barves, L..A.': Pathogenic enteric bacilli. III. Shigella group. U.S. Nav. M. Bull., 
43:1178-1192,1944. 

4. Bormax, E. K., Stuart, C. A., axu AVheei.br, K. AI.: Taxonomy of family Enterdbac- 

teriaceae. J. Bad., 48: 3.51-367, 1944. 

5. Bovo, ,J. S. K. : Laboratory diagnosis of bacillar^' dysentery. Tr. Roy. Soc. Trop. 

Aled. and H.vg-, 33: 553-571 , 1940. 

6 Carpevtek. P, L.: Antigenic relationships of the species Shigella dispar. Proc. Soc. 
Exper. Biol and AIed.,'53: 129-130, 1943. 

7. Christexsex, W. B.: Urea deco.mposition as a means of differentiating Proteus and 
paracolon cultures from each other and from Salmonella and Shigella, .J. Bad., 62: 
in press, 1946. 



12 


EWING AND BRUNER 


8. Clayton, F. H. A., and Wahren, S. H.: Further study of unusual bacillus recovered 

from cases presenting symptoms of dysentery. J. Hyg., 29: 191-200, 1929. 

9. Cope, E. J., and Kaspak, J. A.: A cpmparative study of methods for the isolation of 

typhoid bacilli from stools of suspected carriers. An Abst., J. Bact., 34: 565, 1937. 

10. Downie, a. W., Wade, E., and Young, J. A.: An organism resembling the Newcastle 

type of dysentery bacillus associated with cases of dysentery. J. Hyg., 33: 196-203, 
1933; 

11. Edwards, P. R., and Bruner, D. W.: Serological identification of Salmonella cultures. 

Ky. Agr. Expt. Sta. Circ., M, 1942. 

12. Edwards, P. R.: Personal communication to the authors, 1946. 

13. Ewing, W. H.: Rapid serological typing of shigellae. A preliminary note. J. Bact., 

48: 703-704, 1944. 

14. Ewing, W. H.: An additional Shigella paradysenteriae serotype. J. Bact., 61: 433-445, 

1946. 

15. Ewing, W. H., and Bruner, D. W.: Selection of Salmonella and Shigella cultures for 

typing. Med. Bull. Mediterranean Theat. Op., 3: 155-160, 1945. 

16. Gauton, M. M., and Quan, M. S. : Salmonella isolated in Florida during 1943 with com- 

bined enrichment method of JCauffmann. Am, J. Pub. Health, 34: 1071-1075, 1944. 

17. Hajna, a. a.; Triple-sugar iron agar medium for the identification of the intestinal 

group of bacteria. J. Bact,, 49: 516-517, 1945. 

IS. Kauff.mann, F. : Die Bacteriologie der Salmonella-Gruppe. Copenhagen: Einar 
Munksgaard, 1941. Ann Arbor: Edward Brotherss, 1945, 343 pp. 

19. Sachs, A. : A report xm aninvestigation into the characteristics of new types of non-man- 

nitolfermenting bacilli isolated from cases of bacillary dysentery in India and Egypt. 
J. Roy. Army M. Corps, 80: 92-99, 1943. 

20. Stuart, C. A., Rustigian, R., Zimmerman, A., and Corrigan, F. *V.: Pathogenicity, 

antigenic relationships and evolutionary trends of Shigella alkalescens. J. Immunol., 
47: 425-437, 1943. 

21. Stuart, C. A., Wheeler, K. M., Rustigian, R., and Zi.xlmerman, A.: Biochemical 

and antigenic relationships of paracolon bacteria. J. Bact., 45: 101-119, 1943. 

22. Topley, W. W. C., and Wilson, G. S.: Principles of Bacteriology and Immunity. 

Ed. 3. Baltimore: Williams and Wilkins, 1946. 

23. Weil,A. J., Black, J., AND Farsetta,K.: Serological types of paradgsenteriae 

(Flexner). J. Immunol., 49: 321-351, 1944. 

24. Wheeler, K. M.; Serological identification of dysentery bacilli. Am. J. Pub. Health, 

34: 621-629, 1944. 

25. Wheeler, K. M., AND Stuart, C. A.: The mannitol-negative Shigella group. J. Bact., 

61: 317-325, 1946. 

26. Wheeler, K. M., Stuart, C. A., and Ewing, W. H. :. The antigenic complex of Shigella 

paradgsenteriae, Boyd type P 274. J. Bact., 61: 169-176, 1946. 


A NEW SELECTIVE MEDIUM FOR THE ISOLATION OF 
SAL?^IONELLAE FROM STOOLS* 

OSCAIl FELSENFELD, M.D., axd VIOLA MAE YOUNG, M.S. 

Froyn the Mount Sinai Medical Research Foundation, Chicago 8, Illinois 

Several selective plates were suggested for the isolation of pathogenic entenc 
microorganisms. Strongly- selective mediums, such as the plate of Wilson and 
BlaiF® and its modifications,^-* the desoxj-cholate-citrate plate of Leifson* and 
the brilliant green-lactose medium of Kaultmann-’ are excellent for the isolation 
of Salmonella but do not permit the growth of many Shigella strains. They are 
used, therefore, in connection with le.^s .^elective mediums on which all Shigella 
and fastidious Salmonella strains grow well, such as the desoxycholate agar of 
Leifson/ the de.so,X3’cholate-Iactosc-.siicrosc medium of the Baltimore Biological 
Laboratorj', the eosin-mcth\'lene blue agar,- and the bile salt plate of 
MacConkey.® While larger or specialized laboiatories use a .series of different 
plates for each stool specimen, the .small clinical laboratoiy in which 
fecal examinations are performed occasional^, ma\^ wish to use onR one 
or two mediums. The S.S. (Shigella-Salmonella) agar of Difeo, Inc. and the 
D.E.C. (Dv-'senteiy-EnteriC'Cholera) plate of Panja and Ghosh" can be used for 
this purpo.se. Both of these mediums offer certain advantages. The prepar- 
ation of the D.E.C. plate, however, is time-consuming. The S.S. agar renders 
excellent .ser\-ice, but if it is used alone, some cases of infection will be missed. 

The eosin-m.eth3dene blue agai- (E.M.B.) is one of the be.st mediums for the 
isolation of fastidious shigellae and salmonellae, although it is nonselective. 
Varicu.s attempts have been made to make it a more selective medium suitable 
for the isolation of salmonellae if onb’’ few organi.sms are present. Knox el air 
added brilliant green to thi.s plate and secured a more selective effect. We 
attempted to utilize the inhibitoiy principle of sodium citrate and picric acid of 
the liquid enrichment medium for .salmonellae devi.sed b3" Riys.® 

Experiments with 87 Salmonella strains and their mixtures vdth Proteus, 
coliform and paracolon organisms haA'e .shown that the best selective action for 
salmonellae common in the United State.s is assured when 2 per cent sodium 
citrate and 2 per cent of a .=aturated wateiy solution of picric acid are added to 
the medium. 

When the excellent qualitie.s of the eo.sin-meth3dene blue agar as a medium for 
the isolation of fastidious enteric pathogenic organi.sms and the good results 
obtained with the .same plate after the addition of sodium citrate and picric acid 
were taken into account, it seemed advisable to u.se them .simultaneousb’' for 
routine stools. The folloiring procedure for the preparation of the.se two me- 
diums, having the same base but a different selecti\'it3% was found satisfactw- 
for use in small laboratories. 

I- Dis-solve deh3':drated E.M.B. agar, Difeo, in the amount of water indicated 

* for public.-ition, September 9, 1946. 
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on the label of the bottle and add enough powdered agar to bring the concen- 
tration of agar to two per cent. 

2. While hot, divide into two portions. 

3. The first portion, without any further addition, is sterilized for twenty-five 
minutes at 12 to 13 lb. pressure. Pour into Petri dishes. This is the “original” 
eosin-methylene blue plate. 

4. Add to the second portion two per cent of crystalline sodium citrate and 
sterilize as above. 

5. Add to each 100 ml. of this portion two ml. of a concentrated water}’’ solution 
of picric acid and 0.1 ml. of a 0.5 per cent watery solution of certified brilliant 


TABLE 1 

Results of Streaking Plates with Mixtures op Pathogenic and Non-pathogenic 

Enteric Microorganisms 



MIXTURE CONTAINING E. coli, Ae. aerogeites, Pr. vulgaris, 

Ps. aeruginosa and 
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E.M.B. original and modi- 
fication, 2 plates each 

48 

48 

48 

46 

42 

44 
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42 

45 
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90 

E.M.B. original and modi- 
fication, 3 plates each 

48 

49 

48 

48 

47 

1 

46 

46 

; 48 

48 
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* Eosin-methylene blue agar. 


green. Pour into plates. This is the “modified” eosin-methylene blue medium. 

Those who prefer not to use dehydrated products may prepare the base in the 
following way: 

Dissolve 10 gm. peptone, 10 gm. lactose, 2 gm. crystalline dibasic potassium 
phosphate and 20 gm. agar in 900 ml. distilled water. Adjust pH to 7.2; add 
40 ml. of a one per cent water}’’ solution of Bacto-Eosin Y and 66 ml. of a 0.1 
per cent aqueous solution of Difco-Methylene Blue. Then proceed beginning 
with step number 2, as above. 

Inoculate the original plate lightly, the modified plate more heavil}'. Be 
careful that the surface of each plate is thoroughly dry. Read the plates after 
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twenty-four hours’ incubation ; the modified plate should be rechecked also after 
forty-eight hours. 

Fifty series of plates were used for each e.xperiment. Mixtures of coliform 
organisms, strains of Proteus and Pseudomonas with salmonellae and shigel- 
lae were streaked on the original E.M.B. agar and its modification. The mix- 
tures were standardized in such a way that they contained appro.ximately one 
Shigella or Salmonella for twenty-five organisms of each of the following species: 
E. coli, Ac. acrogencs, Fr. vulgaris and Ps. aeruginosa. The results grouped in 
Table 1 show that the use of one original E.M.B. plate and one modified E.M.B. 
plate gives a probability higher than 0.8 for the detetion of the most frequent 
bacillar^' incitants of diarrhea. When multiple plates are irsecl, e.g., duplicate 
sets, the probabilit\- of a po.sitive result increases further. The method, there- 
fore, seems to be useful for small laboratories. 

SUMMARY 

A modification of the eosin-metlndene-blue plate, prepared by the addition of 
two per cent each of sodium citrate and a concentiated wateiy solution of picric 
acid, as well a.s 1:200,000 brilliant green, is recommended to be used simul- 
taneousto with the original eosin-methylene blue plate for the detection of 
pathogenic enteric microorganisms. 

REFEREXCES 

1. Hajina, a. .\., AND Pkury, C. .a..: Comparative study of selective media fo»' isolation of 

tj'phoid bacilli from stool specimens. .J. Lab. and Clin. Med., 23: 1185-1193, 1938. 

2. Hodt -Harris, .1 . E., and Tkagce, O. : New culture medium for the isolation of Bacillus 

typ/iosus from .stool. .1. Infect. Dis., 18:596-600, 1916. 

3. KaCff.mann, F. ; Weitere Fwfahrungen mit dem kombinierfem .Anreicherungsverfahren 

fur Salmonellabacilien. Ztschr. f. H\'g. u. Infektion.skr., 117: 26-.32, 1931. 

4. K.nox, R., Gedd, F. G. H., .and Pollock, M. R.; Selective media for organisms of Sal- 

monella group. J. Jkith. and Bact., 54: 469-483, 1942. 

5. Lejf.so.n, E. ; New culture media ba.sed on sodium deso.vycholate for isolation of intesti- 

nal pathogens and for enumeration of colon bacilli in milk and water. J. Path, and 
Bact., 40 : 581-599. 1935. 

6. MacConkky, a.: Lactose fermenting bacteria in faeces. J. Hyg., 8: 333-379, 1905. 

7. Panja, G., and Gnosn, S. K.: Modified medium for the isolation of d\'sentery, enteric 

and cholera organisms. Tridian M. Gaz., 78: 55-64, 1943. 

8. Pott, A. W.: Isolation of Bacleriitin typhosum. .1. Path, and Bact., 66: 100-103,1943. 

9. Rrvs. A. C. : Ein BrilliaiitgrOn-Medium fur die Jsolierurig von Paratyphus-B-Bak- 

lerien aus Stuhl und Urin. Zentralbl. f. Bakt. (abt. 1), 132: 349-351, 1934. 

10. WiEsoN, W. J.. AND Bdair, E. McV.; Combination of bismuth and sodium sulphite 

alTording enrichment and selective medium for the typhoid-paratyphoid group of 
bacteria; J. Path, and Bact., 29: 310-311, 1926. 



INTRA13ERMAL REACTIONS IN TRICHINOSIS* 


ARTHUR W. FRISCH, M.D., CLARENCE B. WHIMS, M.D., and JOSEPH M. 

OPPENHEIM, M.D. 

From the hmversihj of Oregon Medical School, Portland, Oregon and the Percy Jones Hospital 

Center, Battle Creek, Michigan 

During the latter part of Febinaiy 1945, an epidemic of trichinosis occurred 
among a large group of German pilsonei-s of war. Transmission of the disease 
resulted from the ingestion of improperly cooked pork. The ensuing infection 
was mild in character as judged by the acute symptoms which subsided within 
twenty days following admission to the hospital Although more than 250 
persons conti'acted trichinosis, there were no fatalities. In addition, an equal 
oi’ greater number of piisonei-s in the camp ate infected meat, but did not develop 
.symptoms of sufficient severity to warrant reporting to the dispensar}'. This 
epidemic offered an unusual opportunity to evaluate the clinical and immunologic 
aspects of trichinosis in a controlled group of patients. The present report in- 
cludes the results of skin tests of infected, presumabh'- infected, and uninfected 
individuals living under similar conditions. The epidemiologic and clinical data 
will be reported in detail elsewhere. 

The diagnosis of trichinosis was based on typical clinical findings coupled with 
the presence of eosinophilia. Conclusive proof of the etiology was never ob- 
tained even though specimens of blood from 94 patients were unsuccessfully 
examined for larvae during the acute phase. In addition, duodenal washings 
from 8 patients and stool specimens in 04 instances failed to reveal the presence 
of adult trichinae. Mtiscle biop.sies were made in 30 instances; encysted tri- 
(iiinac were found in only oik^ case a year after the onset of illness. Clinically, 
tl>e symptoms of (ircumorbital edema, generalized muscular aches and pains, 
sweating and weakness were characteristic. The initial total leukocyte counts 
juid eosinophile levels are presented in Table 1. .Vlthough the former were 
not significantly cleA'atcd, the finding of eo.sinophi!ia in 88.7 per cent of the 
patients strongly supported the diagnosis. 

THIC IlESULTS OF SKIN TIISTS 

Since all iirisonei’s were under rigid military discipline, it was possible to obtain 
specimens and to conduct laboratory tests within the first few days of sj^ptoms. 
Fortunately, within t.wenty-four hours after the identity of the disease was 
established, sufficient trichina extract to conduct large scale skin testing was 
made available. The tests were performed by injecting 0.05 ml. of antigen, 
<liluted 1:10,000, into the epidermis of the flc.xor surface of the forearm. The 
r(!sultant wheal was compared in .size with a .saline; control after fifteen minutes 
and again at the end of twenty-four hours. Immediate or delaj^ed reactions 
ranging in diameter from 0 to S mm. were considered doubtful; those w'heals 

■ neceived for puhliciition, .Aufoist 2-3. 1910. 

lU 
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which exceeded 8 mm. were called positive. 'I'iie patient.'^ were retested at tlie 
end of three, .-^ix and twelve weeks after the onset of symptom.s. The sum- 
marized data are presented in 1 ahle 2. .-Vntif^ens .V, H and C’ were prepared 
according to the method of Hozieevieh.' Antigen I) repre.^ented a phospliate 
buffer extract of dried trichina larvae preserved with 1:10,000 merthiolate. 
.Antigen R was a .'^aline extract which ha<l been placed in boiling water for fifteen 
minutes after the method of Witebsky c/ .Antigen F was prepared by the 
original method of Bachman’ in which (’oca’s fluid was utilized as the extmeting 
medium. 

Tests with antigen A during tiie initial stages of the disease revealed 8 percent 
positive immediate and 17 per cent positive flelaycd reactions. Three weeks 
later, 211 patients were rcte.sted with antigen H, whicli showed an incidence of 
only 5 per cent immediate aiul 4 per cent delayed leactions. Since an increase 
in sensiti%-ity rather than a decrease wa.s cxjjoetcd, 32 patients weresimnlta- 
neon.^ly examined with five different antigens.as slinwn in Table 2. Snrprisinglv 


T.ABLI-: J 
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enough, variatioms from 5 to 50 per cent immediate t\'pe reactions were en- 
countered in the same patients. Similar test.s carried out on a larger group at 
the six week interval revealed the .same discrepancy in skin response to different 
antigens. It is of interest to note that the highe.st value obtained by the im- 
mediate tA'pP ‘d’ intradermal reaction wa.s onh^ 40 to 50 per cent. If the doubl- 
ful cases were included, a maximal percentage of po.siti\-ity ranged from (51 to 
75. Standard antigens, such as B and D, produced significant wheals in only 
0 and 18 per cent of the cases at the .six week interval, levels which do not coin- 
cide with those reported by other in\'e.stigators. It should also be noted that the 
delayed reactions, which .supposedl.y occur onh' dining the acute phase of trichi- 
no.sis, progressivel.v increased with antigen E from 9 to 18 to 28 per cent over 
the te.st period. 

During the time of infection, a large number of prisoners had eaten uncooked 
pork but, ncverthele.ss, remained free of .'Symptoms. Groups of these individuals 
were skin-tested tliree, six and tweh'e weeks after the onset of illne.<s witli the 
re.snlts .summarizeil in Table 3. The first 50 such individuals, wlio were examined 
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with four different antigens, showed variations from 8 to 28 per cent of immediate 
reactions and from 8 to 20 per cent of dela 3 ’'ed reactions. Again antigen E was 
most effective and preparation, B elicited more skin responses in the abo\^e 


TABLE 2 


Inthadermaij Tests in Infected and Hospitalized Patients avith Trichinosis 


1 

TlilE OF TESTING IN 
RELATION TO ONSET 

OF DISEASE 

i 

TRICHINA 
ANTIGEN USED, 
DILUTION 
1:10,000 1 

JilMEDlATE TYI»E OF REACTION 

DELAYED TVTE OF REACTION 

Number of 
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positive 
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TABLE 3 


Intradehmal Tests i.v .Vsy.mptomatic Individx’als Affected with Trichinae 


T»WE OF 
TESTING 
AFTER ONSET 

OF EPIDEMIC 

TRICHINA 
ANTIGEN USED, 
DILUTION 
1:10,000 

IMMEDIATE TYPE OF REACTION 

DELAYED TYPE OF REACTION 

Number of 
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tested 
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doubtful 
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Number of 
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pcmons than in hospitalized patients (compare with Table 2). A second group ol 
78 individuals,* selected at random from those who ate infected meat, showed 

* Thirty-oiic of those subjects were originuUy tested jit tlie lliree week interim. 
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u lo\\cr incidcncG of p 05 -iti\G skin tests nfter six weeks. A.t the end of twelve 
weeks, however, there was a relative increase in number of immediate type 
reactions with antigens F and E, the percentage of reactions ranging from 18 to 
25. It should again be noted that a significant number of delayed reactions 
were obtained throughout all test periods. The diagno.sis of trichinosis in the 

T.\BLE 4 


In'tradermai. Test.s i.v Untn'fected Controls 
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Detection of Trichinosis bv Meant 
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a.symptomatic prisoners was strengthened b\' the finding of eosinophilia in over 
70 per cent within three weeks after the time of pre.sumed infection. 

It was also unusual that during the epidemic period, no cases of trichinosis 
occuiTed among persons in the camp who ate at one particular mess. In order 
to rule out previous infection dn the prison population as a whole and to obtain 
comparable controls, intradermal te.sts were performed on these individuals. 
The results are presented in Table 4. The data indicate that the immediate and 
delayed reactions which were observed among the hospitalized and asjTnptomatic 
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prisonei-s represented specific i-esponses to trichinous infection. It was not 
entirely possible to nile out infection among the controls because practically all 
admitted a fondness for pork sausage cooked in tlie manner which had resulted 
in the epidemic herein described. The majority had eaten similar meat on 
numerous occasions prior to their detention ;us prisoners of war. The oosinn- 
phile counts on the first 50 controls ranged within normal limits. 

The oliservation that the intradermal test as a means of diagnosing mild trich- 
inosis was le.s.s than 50 per cent accui-ate led to a ree.vamination of tiie data for 
the purpose of increasing sensitivity by combining both the immediate and 
delayed reactions. The rc.sults are shown in Table 5. By adding the ca.ses de- 
tected by delayed reactions alone, the over-all sensitivity was increased b}'^ as 
much as 15 per cent in the group te.sted twelve weeks after infection. Further- 
more, among 55 asymptomatic but infected patients studied at the .same time, (> 
additional ones could be selected by the delayed .skin test, thus elevating the 
.sensitivity 11 percent. 

'I'he data were also reviewed for the constancy of the reaction in the same 
patients subsequently tested, six and twelve weeks after onset of illness. Com- 
parative studies in 103 patients, using antigen E, revealed that identical results, 
f.e., positive or negative immediate te.sts, were obtained in (>3 p'er cent of the 
jiatients on both occasions. In 15 per cent, the .skin test was reversed from 
positive at si.\ weeks to negati\-e at twelve weeks, with the same antigen. The 
i-emaining 22 per cent were classed as nonreactors at si.x weeks, but showed skin 
te.sts which beciame positi\’e after twelve weeks. Such data are difficult to 
interpret since? they add complicating ho.st factor.^ to the already comple.\' prob- 
lem of antigen prepai'ation. 


DISCUSSION 

.-Vs a result of a number of key studies on trichinosis, the skin test has 
graduallj' been accepted as one of the most reliable diagnostic aids in this di.s- 
ease. ’’-'''-"’*' '^ The usual procedure has involved intradermal 

testing with 1:10,000 antigen in an attempt to produce the characteristic 
blanched and elevated wheal within a period of ten to fifteen minutes following 
injection. .A.n interpretation of the rc.sult is not at all difficult when the reaction 
is typical, or the reading is negative, provided adequate controls are used, 
'rhere are, unfortunatelj’', a number of borderline reactions which may be variously 
recorded by different individuals. .-Vnother difficulty is the fact that no stand- 
ard size of wheal has been established or generally accepted by all investigators 
a.s a (‘riterion of a po.sitive reaction. Further weaknesses in the utilization of 
.skin tests have been the lack of repeated examinations with the same antigen on 
large groups of individuals over a period of time and also the failure to stand- 
ardiz(* antigen preparations and te.st dosage. In the group of cases herein de- 
scribcfl, the pronounced variations in the/legree of skin reaction to different lot?' 
of the .same antigen, or to extracts prepared b.v other methods, were too striking 
t« be ignored. Limited ob.servations of the same nature have been made by 
f)the.r invc.stigatni-s.' • " This fluctuation may not nece.s-sarily he cau.scfl by the 
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method of preparing the antigen, as ive encountered it with three different lots 
of material handled in a similar manner. On the other hand, Antigen E was so 
markedly superior to the others that it merits special discussion. It was origi- 
na}l 3 ' introduced bj' ^^ i^ebsk 3 ’', \Vels and Heide^ as a complement-fixing agent. 
Its effectiveness in skin tests was subsequently reported by Arbesman, Witebsky 
and Osgood.^ The}' found no apparent difference in the size of the reactions when 
compared vith unboiled antigen in 28 uninfected allergic patients. The anti- 
gen E utilized in these studies was furnished by Dr. Witebsky who informed us 
that he had found it highly .satisfactors' for skin tests.^^ Aside from the above 
observations, this particular type of antigen had not heretofore been utilized for 
intradermal tests. Basically, it represented the supernate of an alkaline saline 
extract of dried and powdered lamae which had been placed in a bath of boiling 
waterfor fifteen minutes. The precipitate which formed was removed by centrif- 
ugation and the clear supernate was utilized.-^ Our skin test results vith the 
most highly reactive agent and even b}' including the delajred positive re- 
spon.ses did not exceed a maximum diagnostic level of 61 per cent. Furthermore, 
if antigens of the type general!}' used at present (B, C and D) had been the only 
ones available, the degree of skin response during the fii-st six weeks following 
infection would not have exceeded 19 per cent. Such results may be contrasted 
with those obtained by othere in which positive reactions var}ang from 70 to 
more than 90 per cent have been reported.*’ c- Js- ^5. i9, ss 

The above differences possibly may have been ovnng to the fact that the 
epidemic in the camp was e.vtremely mild and that universal sensiti-\nty to 
trichina lan-ae did not develop. Such an explanation would be at variance with 
statements that the reactivity of the skin bears no lelationship to the severity of 
the disease."' ” ' “ This concept is large!}' based on the failure to elicit 

skin responses in moribund patients and, in one instance,^*^ upon the lack of cor- 
relation between reactions during life and the number of lar^^ae per gram of 
muscle found at necropsy. On the other hand, the positive relationship between 
the degree of infection and the skin response, herein suggested, is supported by the 
fact that persons with asimiptomatic trichinosis exhibited a degree of skin 
reaction intermediate between that of hospitalized patients and normal controls. 
Thus, with antigen E, the symptomatic cases showed immediate reactions total- 
ing 50 per cent, whereas the asymptomatic group were positive in only 28 per cent 
of instances. Similar differences were also obtained at the end of six and twelve 
weeks. A second point in harmony with this concept is the obseix’-ation that 
among 35 of the most severely ill patients in the epidemic, 74 per cent showed 
positive and 23 per cent exhibited doubtful intradermal reactions at one or more 
of the test inten'als. Tliese data are .supported by the related findings of a few 
other workers.® • 

Intradermal tests of the same indixdduals nith multiple antigens were under- 
taken with a full realization of the possibilities of inducing artificial sensiti\nty 
by this procedure.'- Not all authors, however, agree that active immu- 
nization to repeated injection of antigen occurs with any degree of frequency.” • 
The data presented in Table 3 do not favor the concept of artificial active sensiti- 
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zation in that no significant rise in the percentage of positive skin reactors was 
encountered. Potential false positive reactions resulting from ascaris or tri- 
chiuris infestation were niled out by the examination of stools from 135 patients. 
These parasites were not present in any of the specimens submitted. 

SUMAURY 

A group of more than 200 individuals with trichinosis was examind by means 
of intradeiTOal tests at intervals of three, six and twelve weeks following the onset 
of acute symptoms. The epidemic was mild in character and no deaths resulted. 
Positive immediate skin responses were obtained in from 42 to 50 per cent of 
cases using an alkaline saline extract of trichina lan^ae ivhich had been placed 
in boiling water to remove heat precipitable material. Antigens prepared by the 
methods common^ employed differed markedly in activity from each other and 
lacked sensitiidty. A maximal i-alue of onlj*- 38 per cent for immediate reactions 
was obtained with one of these extracts whereas the remaining preparations 
ranged in sensitiA'itj'^ from 5 to 19 per cent. Delayed skin reactions with all 
antigens gradually increased in number during each period of testing and, after 
twelve weeks, were positive in from 2G to 28 per cent of cases. These reactions 
were found to be specific for trichinosis and when combined with the immediate 
ones increased the sensitivity of the skin test from 2 to 15 per cent. 

A second group of 152 persons, presumably infected but without symptoms, 
was also tested with the same trichina extracts. The maximal value for im- 
mediate positive wheals was 28 per cent with the heated antigen and variations 
ranging from 8 to 18 per cent were noted with the others. A total of 89 unin- 
fected individuals from the same environment, who were utilized as controls, 
showed an incidence of positive immediate tests from 0 to 6 per cent with all 
antigens. 

As a result of experience gained in this epidemic, it is concluded that the skin 
reaction is a reliable procedure for the diagnosis of trichinosis, pro\'ided a typical 
wheal is produced. The extreme variability of different lots of trichina extract 
in the same individuals points to the necessity of introducing a standard prepa- 
ration of constant composition and reactivity for skin testing purposes. The 
proper concentration of such an antigen which would be required to induce 
maximal, specific skin responses remains to be investigated. 

Ackjicwledgmcnts. The following individuals and institutions furnished us with liberal 
supplies of trichina larvae and extracts, thus making this study possible: Dr. S. E. Gould, 
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Center, Battle Creek, Michigan 

An outbreak of trichinosis among a large group of prisoners of war presented 
an unusual opportunit3r to study the immunologic aspects of this disease under 
relativelj^ controlled conditions. The clinical report and the results of intra- 
dermal tests have been presented elsewhere' • ^ The present in\"estigation con- 
cerns the findings with complement-fixation and with precipitin tests utilizing 
serums obtained at the onset of symptoms, and three, six and twelve weeks 
later. 


METHODS 

Complement-fixation tests were performed according to the method of Witeb- 
sk}', Weis, and Heide,' using 1:2000 antigen supplied bj^ them.f The serums 
were inactivated for thirtj^ minutes in a 56 C. water bath. The initial exami- 
nation consisted of a three tube screening test performed as follows. Two tubes 
each received 0.1 ml. of 1:5 serum and a third tube, O.l ml. of 1 :10 serum. Tri- 
china antigen (0.1 ml. of a 1 :2000 dilution) was added to tubes one and three and 
an equal amount of saline was delivered to tube two. All tubes then received 
0.1 ml. of 1:15 or 1:20 l.yophilized complement. The te.‘<ts were held at 4 C. 
overnight and incubated for thirW minutes at 37 C’. In the moriiing, ambo- 
ceptor was titrated as follows.' Dilutions of amboceptor consisting of 1:500, 
1:750, 1:1000, 1:1500, 1:2000, 1:.3000, 1:4000 and 1:6000 were prepared and 
0.6 ml. of each dilution was placed in .separate tube.-^. Complement, 1 : 15 or 
1:20 incubated at 4 C. overnight and for thirt.v minutes at 37 C., was delivered 
to each of the abo^’e eight tubes in tlie amount of 0.2 ml. Each tube also 
received 0.2 ml. of 5 per cent wa.shed sheep cells. 34ie mixtures were .shaken 
and incubated in the water bath at 37 Q'. for thirty minutes. One unit of ambo- 
ceptor was consideied to be the smallc.st amount which gave complete hemoly- 
sis in thirty minutes. For the actual test, 3 units of amboceptor were u.sed to 
sensitize an equal volume of 5 per cent washed red cells; 0.2 ml. of this mixture 
was delivered to each tube in the test. Known positive and negative .serums 
weie included togethei' with an antigen control. Those serums which showed 
complete fixation of complement in a dilution of 1 : 10 were titrated to the end- 
point the following da.v. 

The precipitin tests were conducted in small serologic tubes as follows; O-Oa 

* Received for publication, .\ugu.st 23, 1940. 

t Miss Ilcitie was able to spend a few dfiys in our laboratory, which insured that the t«o 
technics wore comparable. 
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ini. of luiinactivated scnini was added to each of two tubes. TJie first was 
o\ eiliu ed \\ itii 0.05 ml. of 1 .‘500 antigen and the .second received extracting fluid 
alone as a control. Reading.s were made after incubation for one and two houis 
at room temperature. The appearance of a fine white precipitate at the junc- 
tion of the .serum and tlie antigen wa.s considered as evidence of a po.sitir'e 
reaction. 


RESULTS with COMPLEMENT FIX-VTION 

The data obtained from senims of infected patients at four different inter- 
vals are presented in Table 1. Of 248 specimens examined during the acute 
phase, when the di.sea-se was first detected, none showed po.sitive fixation and two 


T.-\BLE 1 

CoMri.KMKNT-Fix.moN Tests in Infecteo and Hostitalizeu Patients with 

TnK’HINOSlS 


TiiTs: or TKsrs aftkr 
or tLtsi:s.i 

1 

t xVirErp- or rmsoss 

TF.STKP 

PEP. cxxr POSITIVE 

i 

FEE CE.VT DOVBTFVL 

Onset 

•248 

0 

1 

3 weok-s 

24!) 

37 

15 

6 weeks 

2.39 

31 

7 

12 weeks i 

120 

36 

s 

i 


T.-\BLK 2 

CoMfl.KMENT-FlXATION TiTRATIO.N.S IN I.VFECTEI) AND Ho.srjTAUZEU P.VTIENTS 

mtth Trichinosis 


1 

TIl.'E fiF TEST AFTTIt ! 
ONSf.T ilF (Ll-NKiiS 1 

1 

XCitBEE or PEPSOXS ■ 

TESTED 

FEE CE.VT OF P.\TIES’TS SHOUTXC TITEKS OF 

1:20 

1:40 

1:S0 

3 wcek.« ' 

SO 

13 

13 

15 

6 week.s 

so 

15 

S 

1 

, 12 week.s 

43 

10 

2 

0 


(1 per cent) gave doubtful results. Tliree weeks later, the number of positive 
resultvS rose to a maximum of 37 per cent and remained at a relatively constant 
level during the remaining test periods. It might be argued that with an in- 
crease in time interval between infection and sampling, .i.e, six months, the 
complement'fi.xation test would have attained a greater degree of sensitivity. 
Such an assumption doe.s not fit in Arith the titei-s of positive semms presented in 
Table 21 .\t three weeks, 28 per cent of semms .showed definite fixation of 
complement in dilutions of 1:40 and 1:80: nine weeks later, only 2 per cent 
maintained .similar antibodj’ titers. 

As was previously pointed out,’ two additional groups were also tested sero- 
logically. The fimt included a number of individuals who had eaten uncooked 
pork but remained free of .symptoms (infected asymptomatic). The second 
group consisted of pri.soners who had eaten in a particular mess where all food 
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was thorough^ cooked and among whom no cases of trichinosis occurred (un- 
infected controls). The results of complement-fixation tests on sample popula- 
tions from these two groups with semms obtained at the same intervals are 
presented in Table 3. Among those presumably infected but asymptomatic, ser- 
ologic positivity ranged from 4 to 12 per cent. By contrast, the uninfected con- 
trols evidenced negative serologic reactions on two separate occasions. These 
data are in accord with the results of intradermal tests, ^ in which it was also 
found that a number of individuals showed strongly positive reactions, although 
the}’’ did not manifest symptoms of trichinosis. 

The constancies of the complement-fixation tests were compared using semras 

TABLE 3 


CoMi’i/EMENT -F ixation Tests in Infected .^symttom.atic Persons and in 

Uninfected Persons 


1 

TIME or TEST 
AFTER ONSET OF 
EPIDEMIC 

INFECTED ASYMPTOMATIC 

UNINFECTED CONTROtS 

Number of 
persons tested 

Per cent 
positive 

Per cent 
doubtful 

Number of 
persons tested 

Per cent 
positive 

Per cent 
doubtful 

3 weeks 

50 

12 

0 

55 

0 

0 

6 weeks 

77 

4 

4 




12 weeks 

55 

11 

2 

54 

! 0 

4 


TABLE 4 

Complement-Fixation Tests for Trichinosis to Show Constancy of Results 

IN Two Consecutive Sa.mi‘les 


RESULT OF TEST IN INTERVALS AFTER OUTBREAK 

NUMBER OF PERSONS TESTED 

1 

1 

PEK CENT OF TOTAL 

3 n'ceks 

6 wcei^s 

Neg. 

Neg. 

130 

01.3 

Pos. I 

Pos. 

58 

27.3 

Neg. j 

Pos. 

1' 

SiO 

Pos. j 

, Neg. 

7 

3.3 

Totals 

- 

212 

99.0 


obtained at three weeks and again at si.x weeks following symptoms (Table 4) . 
For purposes of simplicity, all doubtful I’eactions were considered as negative 
It should be noted that, in SS.G per cent of instances, duplicate results were in 
agreement with each other in that either consistently negath’C or positi\'c 
findings were obtained. In 8 per cent of the cases previously negative, serol- 
og}' had become positive during the three week interval. An additional seven 
patients (3.3 per cent) showed reversal of serologic findings, either as a result of 
error in technic, or owing to a loss in antibody content. That the latter e.x- 
planation is the more likely cause of the reversal is suggested by the fact that 
doubtful reactions were observed in four of the se\'en cases at the six week period. 

The precipitin tests, in our hands, proved to be considerably less .sensitive 
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than either the complement-fixation or intradermal procedures. Using a single 
antigen dilution of 1:500, a maximum value of 6 per cent positive results vas 
obtained twelve weeks after the initial sjmiptoms of the disease (Table 5). The 
cases of asymptomatic or presumed infection together ^yith the uninfected con- 
trols have also been included. . Antigen F was prepared by the method of 
Bachman using Coca fluid as the extractive. Antigen E was obtained from 
Doctor Witebsky, utilizing an alkaline saline extraction followed by heating in a 
water bath.'* On the whole, the results of the precipitin tests were difficult to 
inteipret. Some normal serums showed a haz^- precipitate Anth the trichina 
antigen at the interphase. Such reactions were not readily distinguishable from 
the supposedly specific ones Avhich appeared Avhen serums from infected cases 
Avere tested. Attempts to emphasize the reaction b}* increasing or decreasing 


TABLE 5 

pREcrpiTix Tests i.v Perso.vs with SvirpTOMATic .axd Asy.wtomatic Ixfectioxs 

A.VD IX Uxi.VFECTBD PeRSOXS 


TliTE OF TEST 
AFTER 

our EKE. u: OF 
EPIDEMIC 

1 

J 

1 ANTIGEN 

1 1:500 

i ' 

f 

1 

1 NUMBER OF 

i PERSONS TESTED 

1 

1 

1 STATUS OF 

i INFECTION 

1 

{ 

1 NX-jrBER OF TESTS 
1 POSlTI\X 

i 

PER CENT 
POSITIVE 

j 

Onset ! 

F ' j 

1 . 250 

i 

1 Symptomatic 

1 2 i 

j 

1 

1 

j 

3 weeks j 

: 1 
i F i 

24S 

1 

1 Symptomatic 

13 

! 5 

1 

i 

; F 

50 

i .‘VsA'mptomatic 

1 2 

' 4 

1 

) 

1 

1 F 

35 , 

j Uninfected 


‘ 0 

6 weeks 1 

i F 

i 222 ! 

j Symptomatic 

1 2 

! 1 

j 

E 

222 ] 

i Symptomatic 

i 0 

0 

J 

F 

~ i 

i Asymptomatic 

1 0 

. 0 

i 

1 

E 

77 

1 .AsA'mptomatic 

1 i 

! 0 

1 

: 0 

12 weeks 

F 

120 

■ ! 

' Symptomatic 

: 7 

6 

i 

• 

' F i 

00 

[ Asj'mptomatic 

’ 1 1 

2 

1 

1 

F ' 

^ ! 

54 

J 

' Uninfected j 

( 

0 1 

0 


the concentration of antigen AA'ere unsucces.sful. Furthermore, we were unable 
to obtain reduplicable tests inth the same serums on different occasions in the 
hands of the same Or another indiiidual making the examination. As a result 
of these discrepancies positiA*e reactions vere assigned only to those specimens 
Avhich vdelded a definite ring containing a fine precipitate at the interphase of 
serum and antigen. The above problem remains to be investigated further. 


DISCUSSION 

From the data herein presented, one Avould be forced to conclude that the 
complement-fixation test is sufficient^'- sensitive to detect a maximum of only 
37 per cent of symptomatic and 12 per cent of asymptomatic cases of trichinosis. 
The procedure, however, must be evaluated in the light of the fact that the 
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epidemic was extremely mild in character and that the present report is limited 
to the technic originated by WitebskT, Weis, and Heide.^ The fact that dis- 
crepant results Avere obtained on duplicate specimens of serum in only 3.3 per 
cent of the specimens tested is encouraging and suggests that the procedure is 
reliable and amenable to improAmments in technic. 

On the basis of studies conducted during the epidemic, it is dcaa-^ realized that 
all of the diagnostic tests Avhich AA'ere employed lacked sensitiAuty. In fact, some 
preparations for intradermal testing AA'ere actiAm in only from 5 to 19 per cent of 
cases.* It AA'ould appear from our experience that serologic procedures need to 
be complete^’' re-eA^aluated and standardized if they are to be of A^alue in the 
diagnosis of trichinosis. An approach to this problem is presented elseAvhere." 


SUMMARY 

More than 200 seiiims from patients AAuth trichinosis AA-ere studied by means 
of a complement-fixation test at intenmls of three, six and tAA’^eh’^e AA'eeks folloAving 
the onset of acute sj'-mptoms. The maximal incidence of positive results AA-ith 
this procedure Avas 37 per cent at the three AA'eek period. The incidence of pos- 
itive complement-fixation reactions varied from 4 to 12 per cent in a second group 
of presumably infected but asymptomatic cases. Comparable serologic checks 
AA'ere obtained from the same patients tested at tAAm different inten^als. Similar 
studies AA’ith the precipitin reaction 3delded an incidence of from 0 to 6 per cent 
positiAm reactions. This procedure AA'as not considered to be reliable or re- 
duplicable. As a result of these studies, it is suggested that all serologic diag- 
nostic tests in trichinosis be reAueAA'ed for the purpose of introducing standard 
methods of increased sensitiAdty. 
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In 1942, I^Ielcher isolated two serologicallj' active fractions from Tridmiella 
spiralis lar\’ae, an acid-soluble protein and a polysaccharide. The former con- 
sisted of three electrophoretic components and elicited intradermal and precipitin 
reactions in rabbits ; the latter sho\red precipitin activity only.^ For the puipose 
of testing these substances in hitman beings Dr. Alelcher sent us b'ophilized 
samples of the acid-soluble protein, an alkaline extract which presumably con- 
tained both protein and polysaccharide, and defatted Trichinella larvae. The 
pol.vsaccharide was prepared in our laboratoiy with stiict adherence to the 
method described by Melcher.’ The above materials were then utilized for 
intradermal, precipitin, and complement-rfixation tests on 120 individuals Avho 
had contracted trichinosis three months previously. The methods of conducting 
the te.sts haA'e been giA'cn in detail elsewhere.- 

I.VmA-DER.Af.AL KE.A-CTIOX.S 

A total of six .antigens and three control fluids were used for the intradeiTnal 
test. The parth' purified antigens were carefulh" weighed, diluted with dis- 
tilled water to make 1 : 5000 solutions, and centrifuged at high speed until they 
proved to be bacteriologically sterile. The results with antigens E and F har’e 
been reported previously.- The foimer was a 1:10,000 dilution of a heated 
e.xtract prepared by the method of Witebsla', Weis, and Heide;* the latter was a 
1:10,000 dilution of larvae extracted Avith Coca^s solution. Tlie control fluids 
Avere treated in a manner identical Avith the extracts e.vcept that lan-ae A^•ere 
omitted. Patients Avho reacted to the control material Avere not included in the 
findings. 

The data in Table I'rcA'eal that the procedure utilized fo^ purification of tri- 
china antigens did not serve to increase the concentration of the reactiA'e intra- 
deimal ingredient or ingredients in the various preparations. This is manifest 
bA- the fact that the purified fractions produced fewer positiA-e wheals, although 
they Avere more than twice as concentrated as antigens E and F. The latter 
Avere diluted to 1:10,000 on the basis of the total weight of defatted larvae 
originally added. Actually, the amount of actiA'e principle present must have 
been far less. The saline extract, Avhich was the least purified of all fractions, 
elicited 25 per cent immediate and 33 per cent delaATd positiA'e skin responses. 
The acid-soluble protein Avas distinctly less reactiA'e and the pohysaccharide 
proved to be practicall 3 y inert. 

* Received for publication, .\ugust 23, 1946. 
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In Talkie 2 the results of intradennal tests are presented with 55 asjTOptomatic 
persons, who were presumably infected with trichinosis. The incidence of 
positive immediate and delayed skin responses in the group was somewhat lower 
than among the patients who acknowledged sjonptoms. The order of activity 
of the various antigens, with the exception of the polysaccharide, did not vaiy 
significantly. The above antigens were also tested in 54 persons from a company 
in which no eases of trichinosis had occurred.^-- The incidence of positive 
results in this group varied from 4 to 6 per cent for immediate positive reactions 
and from 0 to 2 per cent for the delayed type of wheal. From these data. 


TABLE 1 

Iktiiadeiimai. Tests with Pubified Antigens in Infected and Hospitalized 

Patients with Trichinosis 


AKTIGKK 

NtlMBER OF 
PERSONS 
TESTED 

IMMEDIATE T\TE OF 
REACTION 

NUMBER OF 
PERSONS 
TESTED 

DELAYED TYPE OF 
REACTION 

Per cent 
doubtful 

Per cent 
positive 

Per cent 
doubtful 

Per cent 
positive 


112 

■■ 


104 



E 



40 


19 

2S 

F 



38 


24 

26 

Saline extract 


19 

25. 


23 

33 

Acid-soluhlc protein 


15 

18 


17 

29 

Poly.saccliaride 


17 

8 


6 

9 


TABLE 2 

Intradermal Tests with Purified Antigens in 55 Perso.ns Asy.mptomatic 
Infected with Trichinae 


ANTICES 

i IMMEDIATE TYPE OF REACTION 

DELeWTD TYPE OF REACTION 

Per cent doubtful 

Per cent positive 

Per cent doubtful 

Per cent positive 

E 

16 

25 

7 

20 

E 

15 

IS 

2 

22 

Saline extract j 

16 

13 

9 

IS 

.\cid-.solnl)le protein 

16 

7 

2 

t 20 

Polytsaccharide 

16 

9 

2 

7 

1 


it would appear that the skin responses induced bj’’ the various fractions of 
trichina lan-ae represented specific antigen-antibody reactions. 

rUECIPITIN TESTS 

For the precipitin test, all antigens were diluted 1 :.500 in saline and examined 
l>y the method fonneiiy described.* iVs can be seen from table 3, none of the 
fraction.s proved to be more .sensitive than antigens E and F. In order to 
elimin.-itc the pos,ribility of a zone phenomenon, twenty .serums from hospitalized 
patients were tested with the various antigens up to dilutions of 1 : 320,000 with 
nejtati^ f* results. These, findings are in accord with our previous experience with 
the precipitin te.st,* 
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COMPLEMENT-FIXATION TESTS 

Specimens of seiiim obtained twelve weeks after the onset of sj^ptoms were 
examined by means of the complement-fix'ation procedure originally described 
by Witebsky et al.~ The three purified fractions were first titrated against a 
single positive seiiim; a dilution of 1:1000 was then selected for the preliminaix^ 
test against varjdng amounts of eight different semms. The titers with both 
weak and strong senimS were practically identical for the acid-soluble protein, 
the saline extract, and the Witebsky antigen. The polysaccharide was com- 
pletely inactive. A total of 120 serums in dilutions of 1:5 and 1:10 were then 
tested against the four different antigens with the results presented in Table 4. 
The incidence of positive complement-fi.xation reactions varied from 30 to 37 
per cent vith three of the antigens, whereas the polysaccharide again pro\'ed to 


TABLE 3 

Precipitin' Tests for Trichixosis with Purified Antigen's 


1 SUKBER or j 


PER CENT POSITUX PRECIPITATES WTH DESIGNATED ANTIGEN 


RESS'ECT TO INFECTION 

‘ PERSONS 1 
[ TESTED 

t : 

1 

i i 

i ^ i 
' 1 

F 1 

1 Saline 
! extract 

Acid 

protein 

Polysac- 

charide 

Symptomatic 

.1 120 

1 ^ 1 

! 5 

1 

1 I 

2 

0 

.Asymptomatic ^ 

.1 55 

! 0 i 

: 0 

9 

2 

0 

Uninfected 

.1 54 

i 

i “ i 

1 0 

0 

0 

' 1 

0 


T.ABLE 4 

Compleme*n't-Fix.\.tio.v Tests for Trichi.vosis with Purified Antigen's 


STATUS 'Or PATIENT WITH RESPECT 


\ 


N'V’itBER or j 


PEP. (TEXT or P0SITI\7: RESULTS WITK 
DESIGNATED ANTIGEN 


TO urrEcnoN 

'PERSONS TESTED — 
1 


1 Saline 

.Acid 

Poli’sac- 


> * 


extract 

protein 

charide 

Symptomatic 

O 

<M 

36 

1 36 

1 37 

0 

.\symptomatic . . 

1 55 1 

11 

I 7 1 

9 

0 

Uninfected 


0 

1 0 1 

0 ! 

0 


be inactive. The .similarity of the results was attributable to the constanc}' 
with which a particidar serum fixed complement \nth all three antigens. 

The above data clearly indicate that the substance or substances responsible 
for the complement-fixation test were absent from the polysaccharide and pres- 
ent, but hot concentrated, in the saline extract or in the acid-soluble protein. 
The fact that boiling was utilized by Witebskj', Weis, and Heide" as a means of 
removing certain of the impurities from the original extract indicated that the 
antigenic components were heat-stable.*^ Since the acid-soluble protein was the 
purest active substance at our disposal, the following experiment was performed. 
A 1 :500 dilution of the protein was placed in boiling Avater for fifteen minutes; the 
precipitate which formed was remo^'ed by centrifugation. Serial titrations ivere 
then made of heated and unheated material utilizing them as antigens in com- 
plement-fixation tests with fi’i'^e positive serums. The results are shown in 
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Table o. The procedure of heating the acid-soluble protein resulted in the pre- 
cipitation of inactive material, but did not significantly alter the complement- 
fixing properties of the antigen. 

Tlie solubility of the active component was next tested utilizing acetone, 95 
per cent ethyl alcohol, and absolute methyl alcohol as precipitants. For this 
purpose, hour volume.s of each reagent were added to one volume of a 1:100 
dilution of antigen E (Witebsky). The tubes were pennitted to stand at 4 C. 
overnight and were centrifuged the following morning. The precipitates were 
washed twice with homologous precipitant and brought into solution by gentle 


TABLE 5 

ro.M!M.KMKNT-FrXA,TIOX TesTS WITH ACID-Soi.UBI.E PhOTEI.V (OkIGI.N’AL DiEVTIO.X, 
1:1000). Effect of Heati.vg the .\xtigen- i.v Indicated Dii.i'tions 


tm fiF 
SERUM 
fmU’TKD 
1:10) 

1 

rCBTHrR DiLirxms' or i;n!ie,itf.d antigen j 

i 

FCRTHER DlLirnON* OF HEATED .ANTIGEN 

1:1 

i i-.i 

1:4 

1:8 

1:16 

1 i 

1:1 i 

1 

1 

! 




1 

C* 

AC 

\v 

0 

0 

0 


! c 

' 0 

1 0 

i 0 

0 

2 

c 

C 

0 

0 

0 

0 


AC 

! 0 

0 

0 

0 

.I 

c 

C 

c 

\v 

0 

0 

C i 

C 


0 

0 

0 

4 I 

r 

C 

mm 

0 

0 

mm 

c 

AC 

! w 

0 

0 

0 

5 

C: 

c 

B 


w 

B 




c ^ 

w 

0 


* C, complete fixation; .\C, almost complete fi.xation; P, partial; W, weak; 0, complete 
hemolysis, .\nfigcn controls were included. 


TABLE 6 

L’omi’I.kmext-Eixatio.v in Tnu'iu.Nosis: Precititation ok .\ntigen (Originae 
Dii.ftion 1:1000) by .\cetonk and .\i,cohol 


rRJXlPJTATJNC AGENT 

! 

TITER OF PREaPlTATE 

1 

TITER OT SUPERN'.ATE 

1:2 

1:4 

1:8 

1:16 

U.42 

1:2 

1:4 

1:8 

1:16 

1:22 

Xtmc 

c* 

4 

C 

C 

WjM 

0 






.XccUinc 

AC 

C 

c 

HUH 

J’ 

0 

0 

0 

0 

0 

Ethyl :ili'oho! 

c 

c 

c 

BB 

0 

0 

0 

0 

0 

0 

Methyl :ilci)li<>I 

\V 

C: 

c 

AC 

0 

0 

0 

0 

0 

0 


* (', CDiiipIcic (ixatiim; AC. almost complete fixation; P, partial fixation; 0, complete 
hemolysis. Anticomjilemciiiary controls shim-etl romjiletc hemolysis. 


wtirming in .saline. 'I'hey were then diluted tuid titilized as antigens for com- 
plement-fixation tests. The snpernates were diluted in a similar fashion and 
tested with a known positive .sentm in the same experiment (Tablet!). Ender 
the conditions oi the experiment, it was found that tlie component or components 
rt'sponsible for the eomplement-fi.xation te.st in trichinosis were completely pre- 
eipitalile by acetone, ethyl alcohol and metliyl alcohol. 

.\dditional experiments of jneliminaty cliaraetcr indicate that the comple- 
ment-fixing antigen is probably a poly.saceharide with properties differing from 
the one described iiy Melcher.* Studies to determine the nature of this sub- 
stance aie in progress. 
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DISCUSSION 

Studies of fractions derived from Trichinella spiralis laiA-ae have revealed that 
serologic activity in the human disease is possessed by some and lacking in 
others. TiTiile the antigens utilized in this study have been classified as “pure,” 
they are in reality, relati%'ely crude extracts of heterogeneous composition. The 
polysaccharide, which proved to be almost inactive was, in all probability, the 
most highh- purified substance tested. The acid-soluble protein was obtained 
by precipitation of the acid-insoluble material from an alkaline borate buffer 
e.vtract of defatted lan'ae’ and ma}* have contained polysaccharide as well. The 
fact that serologic responses were elicited in the rabbit \rith these fractions may 
mere!}' indicate species differences to immunization with larvae. In fact, Aug- 
ustine and Theileri pointed out that only the delayed wheal appeared in the skin 
of sensitive guinea pigs and rabbits. 

As a result of the e.xperience gained in the study of this epidemic, it is believed 
that a major component of Trichinella spiralis larvae responsible for intraderraal, 
precipitin, and complement-fi.xation reactions is heat-stable and precipitable by 
alcohol and acetone. These facts may be applied to the solution of practical 
clinical problems in the following manner. It .should now be possible to extract 
defatted laiwae with hot alkaline saline (pH S.O) in order to eliminate less reactive, 
heat-precipitable material present. The clarified extract could then be treated 
with sufficient acetone or alcohol to induce maximum precipitation in the cold 
(4 to 5 volumes). The precipitates could be washed, redissolved in saline or 
water and reprecipitated until a readilj' soluble product was obtained. The 
final precipitate would then be dried over ether and weighed. For purposes of 
.serologic te.sting, dilutions of e.xact amounts of material could be standardized 
by intradermal niean.s and against .senims from knouai cases of trichinosis for 
.skin, precipitin, and complement-fixing activity. This standardization would 
.sen'e as a reference point for all future extracts and reactions. Preparation of 
material for clinical use would be simplified by the stability of the substances 
involved and b}- the utilization of heat for sterilization purposes. 


.SUM.MARY 

Intradermal, precipitin, and complement-fi.xation tests were perfoimed on 120 
individuals, twelve weeks after the onset of .symptoms of tiichinosis. For this 
purpose, an alkaline saline extract, an acid-soluble protein, and a polysaccharide 
were utilized. Although highly concentrated, these fractions were found to be 
less sensitive than the crude e.xtracts of Trichinella spiralis commonl}' emplo\'-ed. 
The serologicalh' active substance or substances were heat-stable and precipi- 
table by alcohol and acetone. As a result of these studies, a practical method 
of standardizing reagents for .serologic tests in trichinosis is formulated. 

Acknou-ledgmenls. We wish to thank Dr. L, R. Melcher and Dr. E. Vitebsk}' for furnish- 
ing the antigens used in this studj'; Brigadier General Joseph E, Bastion for his encourage- 
ment and interest; 1st Lt. (SnC.) C. Becker and the following enlisted men for their invalu- 
able voluntary technical assistance; A. S. Resnick, T/Sgt.; R, Kramer, T/4; O. Bower, 
Pfc.; C. Childs, T/4; S. Kenned}', T/5; and R. Brotherton, Pfe. 
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DEMONSTRATIOls IN BKIN OF ACTIVE CHLORINE FROM 
CHLORINE-LIBERATING OINTjMENTS* 

R. L. FERGUSOX, .axd S. D. SILVER, Ph.D. 

Fvom Ihe^Iedical Division, Edgeivood Arsenal, Maryland 


During World War II, a great amount of work was done to develop the least 
irritating chlorine-liberating ointment which would protect the exposed skin 
against liquid mustard or its vapor. In the coui-se of this work, the question 
arose as to whether the liberated chlorine penetrated the skin, and if so, to what 
extent. This question was answered b\^ demonstrating the presence of free 
clilorine in frozen sections of skin bj’’ the use of an orthotolidine reagent. 

Orthotolidine has long been used to detect free chlorine in water. The rea- 
gent, as used in water tests, is a 0.1 per cent solution in 10 per cent hydrochloric 
acid. A yellow to orange color develops, depending on the concentration of 
chlorine. However, when a weak acid, such as citric or tartaric, is used to dis- 
solve the reagent, the color produced Arith small amounts of chlorine is clear 
blue-green, and yelloAv or orange Arith large quantities of chlorine. 

In the usual preparation of histologic specimens bA" embedding in paraffin, 
the tissues must be dehydrated Arith alcohol and chlorofonn. This procedure 
destroys or liberates an}' free chlorine in the tissues. Therefore, the frozen 
section method A\'as chosen. 

EXPERLAIENT.4.L PROCEDURES 

Reagent. The reagent Avas prepared by di.ssoh'ing 0.1 gra. o-tolidine in a solu- 
tion of 1 gm. citric acid in 20 ml. Avater, and increasing the volume to 100 ml. AA'ith 
di.stilled AA'ater. The pPI of this solution aa'rs 1.86. 

Technic. The chlorine-liberating ointment A\'as spread evenly over the dep- 
ilated area of the e.xperimental animal’s abdomen and alloAA'ed to remain for a 
feA\- minutes. A .section of this area A\'a.s taken for biopsy, Avithout removing the 
ointment, and the .specimen was dipped in boiling formalin for tAA"o .seconds. 
This small piece of fixed tissue Avas frozen and sectioned at a thickness of 25 
microns. »Sections AA'ere placed in the o-tolidine reagent for fifteen to tAA-enty- 
fiA'e .seconds, and mounted on a glass slide in glycerin. 

TavcIa'c adult rabbits and tAA'elve adult guinea pigs AA'ere used. The anterior 
abdominal AA'all AA'as depilated AA-ith strontium sulphide tAA'enty-four liours before 
the ointment Avas applied, to avoid unnecessaiy irritation. Taa'o experimental 
ointments! AA'ere used for comparison. One-half gm. of ointment A Avas applied 
to an area 10 cm. long and 5 cm. Avide on the right side of the abdominal Avail. 

^ReceiA'ed for publication, .\ugust 2-3, 1946. 

jPresent address: School of ^ledicine, UniA'ersity of South Dakota, Vermillion, S. D. 

JThe formulas of these chlorine-liberating ointments cannot be disclosed at this time 
for reasons of security. 
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Similar!}’ ointment B vas applied on the left side. The ointments were spread 
with the finger, each being applied with the same number of strokes and, as 
nearly as possible, with the same amount of pressure. 

The same technic was used for the guinea pigs, e.xcept that 0.2 gm. of each 
ointment was applied over one-third of the surface area used in the rabbits. 

Two I'abbits and two guinea pigs were sacrificed at each of the following pe- 
riods: thirty minutes, one, two, three, five and twenty-four hours. Three strips 
of skin, each 0.5 X 4 cm, in area, were taken from each side of the abdominal 
wall. These sections were then treated by the technic described above. 

RESULTS 

In this study, the presence of a green color was interpreted as indicating small 
amounts of chlorine from the ointments, while a yellow or orange color indicated 
large amounts of chlorine. 

The results of the experiments with guinea pigs and rabbits were practically 
identical. In the animals killed after thirty minutes, the chlorine of ointment 
A appeared in the stratum corncum, the stratum granulosum and the stratum 
germinativum, Avhile the chlorine of ointment B penetrated only as far as the 
stratum granulosum. The penetration of the latter ointment was deeper at the 
end of the first and second hours. At the end of the three and five hour periods, 
the chlorine from ointment B, as well as from ointment A, had penetrated all 
four layers of the epidermis. In no section, however, was it possible to demon- 
strate chlorine in the dermis. Both ointments had a tendency to follow the hair 
follicles. 

At the end of twenty-four hours, all the free chlorine in ointment B had dis- 
appeared from the skin, except for a slight amount in the stratum corncum and 
in a few hair follicles. With ointment A, no free chlorine could be demonstrated 
at (his time except in an occasional hair follicle. 

DISCUSSION 

From the data given above, it appears that the chlorine from ointment A 
j)cne( rated the skin more rapidly than that from ointment B. The chlorine 
from the latter remained in the skin longer than did that from the former, prob- 
ably owing either to the lower rate of decomposition, or to the greater initial 
chlorine content of the former ointment. 


SU.M.MARY 

The presence of free chlorine in the skin was demonstrated by the use of an 
o-tolidine-eitric acid reagent on frozen .‘sections. When ointments containing 
active chlorine were applied to the skin of rabbits and guinea pigs, the chlorine 
penetrated no deeper than the basement membrane. A comparison of two 
(‘hlurine-containing ointment.*'* showed differences in late and duration of pene- 
tration of chlorine. 



A METHOD FOR THE ^TSUAL DEAIOA^TRATION OF 
LEWISITE IN SKIN=^ 

II. L. FERGUSON, M.D.j .^xd S. D. SILVER, Fh.D. 

From the Medical Division, Edgevwod Arsenal, Maryland 

During World War II, in the course of work on the action of lewisite (dichloro- 
2-chloro\inyl areine), it was found desirable to follow xdsuall}^ the penetration of 
this compound into the skin. A method was theiefore demised which could 
demonstrate the existence of lewisite, or its oxide (2-clilorovinyl arsenic oxide), 
in the skin at various periods of time after application of liquid lewisite. This 
method was specific for lewisite or its oxide and was not affected bj" any other 
decomposition product. 

EXPERIMENTAL PROCEDURES 

Principle. In alkali, lewisite and its oxide decompose to liberate acetylene. 
This combines with cuprous salts to form cuprous acetjiide, a red compound, the 
color of which is enhanced by piperidine. Only acetylene-forming compounds 
can produce this compound. Other degradation products of lewisite, such as 
oxides of arsenic, will not react with the reagent. 

Reageyits. The following stock solutions! weie prepared: 


A. Copper sulfate crystals 8 gm. 

Water 100 ml. 

B. Anhydrous sodium sulfite 20 gm. 

Water 100 ml, 

C. Sodium thiosulfate 50 gm. 

Sodium hydro.xide 20 gm. 

Water 80 ml. 

Piperidine 1 ml. 


Ten ml- of solution A and 10 ml. of solution B were mixed until the precipitate 
which first foimed, redissolved and the solution became light clear yellow. 
Tw'entj" ml. of solution C was then added. The work here reported was done 
with this mixture of solutions. Subsequent experimentation showed that more 
satisfactorj' sections could be obtained as a result of the reduction in alkali con- 
tent in the following mixture: Ten ml. of solution A and an equal volume of 
solution B were mixed until clear and 10 ml. of solution C was added. To this 
was added 20 ml. of water. Both mixtures were somewhat unstable, absorbing 
o.xygen from the air, and turning blue after several houm. 

Technic. Tw'enty guinea pigs, each w'eighing between 250 and 300 gm., were 
used in these experiments. Each pig Avas tied to a board and the hair over the 
abdomen was clipped with triple-0 clippers to prevent irritation from shading. 

^Received for publication, -August 23, 1946. 

fPresent address: School of Medicine, University of South Dakota, Vermillion, S. D. 

tThese were modifications of solutions used in work on the detection of lewisite b}' B. 
Gehauf and M. I\I. Falkof (personal communication to the authors). 
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Four areas, each 1 cm. square, were marked off on the abdominal wall, just to 
the left of the linea alba. In the center of each square, 0.76 mg. of liquid lewisite 
was placed b}' means of a capillaiy pipet. Sections of skin, each 1.5 x 0.5 cm., 
through the contaminated areas were removed at the following intervals after the 
application of lewisite: two, five, eight, ten, and thirty minutes and one, two, 
four, five, six, sixteen and twenty-four hours. 

The strips of skin were placed on the freezing microtome and sections were cut 
at a thickness of 50 microns. The sections were then dipped in the reagent for 
three to five seconds, washed in distilled water, dehydrated in absolute alcohol, 
cleared in xylene, and mounted in “Permount.” 

Attempts were made to counterstain some of tlie sections with hematoxylin. 
In general, this was not successful and very few good sections were so obtained. 

RESULTS 

In sections taken two minutes after the application of lewisite, the agent was 
found to have entered the epidermis. Sections taken at five and eight minutes 
showed further penetration into the denna and, at the end of the ten minute 
period, the lewisite had complete^ penetrated the derma. It remained undecom- 
po.sed for thirty minutes and then gradually disappeared from the derma. At the 
end of two hours, it appeared only above the stratum lucidum, except for a small 
amount in the hair follicles. After twenty-four hours, only traces could be 
demonstrated in an occasional hair follicle. 

In all sections, the lewisite was observed to penetrate the skin in a straight line, 
perpendicular to the point of application, with little or no lateral diffusion. It 
penetrated between the hair follicles as rapidly as it did through the follicles. 

The presence of lewisite in the underlying muscles could not be demonstrated 
with the small quantities of agent used. 

SUMMARY 

A technic for demonstrating the presence of lewisite in skin has been developed 
by the use of an alkaline cuprous salt reagent. Liquid lewi.site penetrates com- 
pletely through the skin of guinea pigs in ten minutes, and remains for about 
thirty minute.s. Lewisite disappears from the skin of guinea pigs after appro.xi- 
mately twenty-four hours. 



A jMethod for the ^hsual demonstration of mustard 

(DICHLORODIETHYL SULFIDE) IN SKIN^ 


S. D. SILVER, Ph.D., akd R. L. FERGUSOX, xM.D.f 
From the Medical Division, Edgevmod Arsenal, Maryland 

While conducting work on mustard gas (dichlorodiethjd sulfide), during World 
War II, it was found desirable, at one point, to follow \nsually the fate of mustard 
in the skin. This paper describes the technic used and the results of expeiiments 
which were carried out. The authors have in pre\aous communications outlined 
methods for demonstration of the presence of chlorine^ and of lewisite^ in skin. 
Tliis work, which is a further application of the technic of using a color-producing 
solution that is specific for the compound sought, demonstrates unreacted or 
unchanged mustard in the skin. 

EXPERI.MEXTAL PROCBDUEES 

Principle. WLen mustard and gold chloride react, a Avater-insoluble, bright 
yellow gold chloride-mustard complex is immediately formed. If this is then 
treated vith sodium hydroxide solution the complex is reduced, and forms an 
insoluble jet black compound. 

Solutions. Gold chloride, acid-yellow, Merck and Company, 1 per cent in 
water; sodium hydroxide, reagent, 5 per cent in water. 

Sensitivity of mustard detector solutions. The first experiments were made to 
determine the sensiti\dty of the test. By means of the flat end of a stainless steel 
rod, 150 micrograms of mustard was applied to a piece of filter paper. The spot 
was then wet ^rith a few drops of one per cent gold chloride solution. A j’^ellow 
spot appeared where the mustard had been applied. It was then made alkaline 
with o per cent sodium hydroxide solution. A black, water-insoluble spot ap- 
peared at the site of the application of mustard. This spot had the same sixe and 
shape as the original drop of mustard. It was noted, however, that the sodium 
chloroaurate formed bj'' the reaction of the e.xcess gold chloride with the alkali 
gradually decomposed and, on standing for ten to fifteen minutes, slowly formed 
a violet-gray deposit where the paper was wet. This decomposition was pre- 
vented by washing with slightly acidulated water Arithin one minute after apply- 
ing the alkali. Wash-Avater containing no acid produced almost as good results. 

By means of a series of steel rods of different diameters flattened at the ends, 
a series of seA^en graded mustard applications, ranging from 150 to 15 micrograms, 
AA-as made on a strip of filter paper, AA'hich Avas then ti’eated with gold chloride, 
alkali, and AA'ashed A\-ith acidulated AA-ater. On this strip, all applications AA'ere 
clearfy Ausible AAithout magnification. It is probable that the test is sensitiA'6 to 
less than one microgram of mustard AA-hen AdeAA'ed through the microscope. 

Specificity of mustard detector solutions. Possible decomposition or reaction 

*ReceiA'ed for publication, .4ugust 23, 1946. 

fPresent addre.ss: School of Medicine, University of South Dakota, Vermillion, S. D. 
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Fin. 1. Disfrihution of mu.stard in skin 30 seconds after application. 
Fir.. 2, Distribution of niu.stard in skin 1 minute after application. 
Fio. 3. Distributio of mustard in 2 minutcsafter application. 

Fig. 4 . Di.stribution of must ar in skin 10 minutes after application. 
Fig. 5. Distribution of mustard in skin 15 minutes after application. 
Fig. 0. Distribution of mustard in skin 30 minutes after application 
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products of mustard were examined. Thiodiglj'col was applied to filter paper 
and a few drops of gold chloride solution added. No insoluble complex was 
^nsible. On application of alkali, a diffuse black precipitate M’as foimed over the 
M'hole wet area. This was caused bj’’ solubility in water of the thiodigtycol and 
its complex. If the paper was washed with water before the alkali w'as added, 
no darkening occuned. The same result was obtained when the paper was 
dipped in a large excess of gold chloride solution so that the thiodigl 3 ’'col was 
washed out before the alkali w^as applied. 

A sample of mustard-thiodigl 3 'CoI sulfonium chloride was tested, both drj’^ and 
in wateiy solution. No darkening occurred. A sample of egg albumin-mustard 
complex was tested as M’as egg albumin itself as a control. No reaction oc- 
curred with either substance. 

The following protein-mustard complexes were also tested and gave no reac- 
tion: human plasma-mustard, human fibrogen-mustard, gamma globulin-mus- 
tard, cjmnide proce.ss keratin-mustard, human serum alliumin-mustard, and bo- 
^ine albumin-mustard. 

It was thus established that the test was insensitive to thiodigh'col, mustard- 
thiodiglj'col sulfonium chloride, and to a number of mustard-protein complexes. 
It was highh’’ sensitive to mustard under the same conditions. 

TECHNIC 

White guinea pigs, each weighing about 250 gm., were used. Each guinea pig 
was placed on its belK' and tied secure!}' to a board. The hair on the back was 
clipped and shaved. On each of four areas along the midline, a drop (1.3 mg.) 
of mustard was placed at intervals of approximately 1.5 cm. At various selected 
times, ranging from thirty seconds to two and one-half houis, a strip of skin 0.5 
X 2 cm. containing the drop of mustard Avas excised and placed on the freezing 
microtome. Sections 50 to 75 microns in thickness w'ere made and dipped into 
about 50 ml. of 1 per cent gold chloride solution, where the\' were allowed to 
remain for two or three minutes. From this solution each section was mounted 
on a slide, flooded with 5 per cent sodium hj^droxide, Avhich was allowed to remain 
for thirty seconds, w'ashed thoroughl^y with water, dehydrated with absolute 
alcohol, cleared with xjiol and mounted in “Peimount.” The prepared sections 
were then examined under the microscope at a magnification of 100. 

A series of sections was taken at the following intervals after application of 
mustard: thirt}' seconds, one, two, ten, fifteen, thirty minutes and one, one and 
one-half, two, two and one-half houi-s. A section was also taken of noimal skin 
uncontaminated with mustard and sirailarh' processed, as a control. Photomi- 
crographs were taken of all sections within ten minutes after preparation. 

RESULTS 

B\' means of the above technic, a black coloration appeared at the site of the 
unchanged or uncombined mustard. In this wa}', its distribution could be seen 
in the skin sections at the various times after application (Figs. 1-12). 

Within the first thirty seconds, the mustard had penetrated the epideianis and 
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Kkj. 7. Distriljution of mustartl in skin 15 ininutos after application 
I'n:. S. Distribution of mustard in skin 1 liour after application. 
Flo. 51. Di.stribuf inn of mustard in skin li hours after application. 
I'lo. in. Distribution of mustard in skin 2 liour.s after apidication. 
Fio. 1 1 . Di.siribution of mu.slard in skin 2§ hour.s after applictaion. 
Fio. 12. Normal .skin (control). 
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could be demonstrated in the derma. The mustard did not penetrate to any 
great depth in the derma and, at the end of one minute, appeared to have reached 
its maximum depth. After ten minutes, the free mustard had disappeared from 
the derma, although remaining in the epidermis. The quantity of unchanged 
mustard remaining in the epideimis decreased gradually until, at the end of two 
and one-half hours, it was gone completeh^ 
iVIustard, like lewisite,- appeared to have no special predilection for the hair 
follicles, penetrating as well between the follicles as through them. 

DISCUSSIOX 

The black coloration caused b}' the mustard reaction was permanent in gharac- 
ter. In some cases, udien the sections were not washed well, the parts of the 
tissue which were not contaminated udth mustard turned red after standing sev- 
eral hours. This was probabl}’’ due to the precipitation of colloidal gold from 
the residual traces of gold chloride which were nob completeh^ washed out. That 
this color was not caused bj* mustard was proved by the fact that normal tissue 
similarly processed also turned red on standing, if not washed thoroughly. The 
use of photomicrographs gave permanent records, uncomplicated bj’^ further color 
changes. 

The rapid disappearance of free mustard in the deima can be ascribed to &ca- 
tion or transportation while the diminution of free mustard in the epidermis is 
due either to evaporation or transportation into the derma and almost immediate 
fi.\'ation therein. 


STOLMABY 

The presence of free mustard in the skin was demonstrated by the use of gold 
chloride solution and alkali on frozen sections. Several experiments were per- 
formed to show the specificity of the method for mustard and the nonreactirdty of 
the solutions with mustard-protein complexes and other reaction-products of 
mustard. The process described, although not quantitative, is simple, rapid, 
and capable of useful interpretation. 
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MODIFICATIONS OF MUELLER’S MEDIUI^I FOR RAPID 
DIAGNOSIS OF C. DIPHTHERIAE* 

MAURICE LEV,t Ut. Col., MC, BRUNO W. VOLK, Capt., MC, FRANK P. 

HESSER, 1st Lt., S.vC, and ELON B, TUCKER, Capt., SnC, AUS 

From the Fourth Medical Laboratory of the Army of the United Slates 

In 1945, Muellei-^ introduced a serum tellurite medium for the isolation of 
Conjnchaclcrium diphtheriae. We had an opportunity to evaluate this medium 
in a community having many cases of diphtheria. In the course of time, ve 
found it possible to modify the medium and, we believe, to render it more specific. 
It also became possible for us to shorten the time necessaiy for positive identifi- 
cation of the organism. 

I. OraiMUM CONCENTRATION OF TELLURITE SERUM 

The standard Mueller’s medium is prepared as follows: 22.5 gm. of Bacto-Mucller tel- 
lurite base is added to 500 cc. of cold distilled water in a flask. The mixture is heated to 
boiling over a free flame with frequent shaking of the flask, and then is permitted to sim- 
mer for three minutes until there is complete solution. The solution is sterilized at 10 lb. 
pro.ssurc (IIG C.) for ten minutes, cooled to 50 C., and to it is added 12.5 cc. of Bacto- 
Mucller tellurite scrum. The mi.xture is well shaken and then poured into sterile potri 
dishes. The plates are allowed to stand thirty minutes with the covers partly removed. 
They arc then covered and set aside for twenty-four hours before use. It is important 
that the surface of the plates be quite dry when inoculated. 

Tlie medium wa.s designated by the letter A, B, C, or D, depending on the 
amount of tellurite serum which was added, as follows: Mueller A, 6.0 cc.; 
Mueller B, 12.5 ce.; Mueller C, 30.0 cc.; and Mueller D, 40.0 cc. 

Mueller A was tdiandoned because the amount of tellurite was insufficient to 
produce a black colony in twenty-four hours. 

iMueller B contained 2.5 per cent of tellurite serum and was the standard 
medium, Mueller B and C were compared in 23 cultures of type mill's, 10 cul- 
tures of type gravis, 1 1 cultures of C. xerosis and 9 cultures of C. pscudodipltlheri- 
c,um. Mueller B and D were compared in 31 cultures of type mitis, 18 cultures of 
type gravis, 12 culture.s of C. xcrosc and 14 cultures of C. pseiidodiphihcricum. 
Plufe.s of thc.se mediums were used both for the initial inoculation with the un- 
known throat and nose cultures and for the transplant of the organi.sms in pure 
culture. It was found that increasing the tellurite to the amounts present in C 
and D did not inhibit the growth of Coryncbacterium as compared to that found 
on B. On the other hand, while cocci grewas rapidly on B as on D, their growth 
wa.s inhiliitcd on C in 21 cases. On both C and D, the colonies of Corynebac- 
tcrium were distinctly blacker and more sharply outlined. It was therefore 
believed that the optimum concentration of tellurite serum was that pre.sent in 
Mueller C, since there was no inhibition of Coryncbacterium; there was distinct 

’Ut'ceived for pubbcatioii, June 24, 19tG. 

tl’rci-'ent ;icliirc,<a. Tlie Creighton University School of Medicine, Omaha 2, Nebraska. 
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inhibition of cocci; the colonies ^vere distinctly blacker and it was easier to work 
with such colonies. Thus, the standard Mueller medium was modified to con- 
tain 30 cc. of tellurite seram instead of 12.5 cc. present in the standard medium. 

II. MUELLER-DEXTROSE .iXD MUBLLER-SUCROSE SIEDIUMS 

In an attempt to obtain earlier bacteriologic diagnosis of C. diphtheriae for the 
clinician, the principle of Claubei-g’s medium* ivas utilized. In Clauberg^s 
medium, dextrose is added to a blood tellurite-cystine mixture nith wasserblau 
as indicator. Claiiberg thought that the addition of the dextrose would differ- 
entiate C. diphtheriae from C. pseiidodiphthcrician {C. hofmannii). We thought 
that it might be possible to obtam early bacteriologic diagnosis of C. diphtheriae 
by the addition of dextrose and sucrose to different plates of Mueller’s medium. 
After manj* trials, Andrade’s indicator was chosen as giving the best contrast to 
the black colonies. The optimum amount of sugar was found to be 1 per cent 
and of Andrade’s indicator, 2 per cent, hlueller-dextrose and Mueller-sucrose 
mediums were prepared as follows: 

Sugar solution : 

1. 5 gm. of de.vtrose or sucrose was dissolved in 50 cc. of distilled water. 

Andrade’s indicator: 

1. 5 gm. of acid fucbsin was dissolved in 100 cc. of distilled water. 

2. 20 cc. of N/1 NaOH was added slowly with intermittent shaking. 

3. The solution was allowed to stand for approximately one hour, preferabh^ overnight. 

4. The solution was sterilized and stored in the refrigerator. 

Mueiler-dextrose and Mueller-sucrose; 

1. 22.5 gm. of itiueller tellurite base was added to 450 cc. of distilled water, and heated 
slowly to boiling with constant stirring. 

2. The prev'iousl}' prepared sugar solution was now added, followed b}' 10 cc. of .An- 
drade’s indicator. 

• 3. The solution was autoclaved at 10 Ib. for ten minutes. 

4. It was then cooled to 56 C. in a water bath. 

5. Thirty cc. of iMueller tellurite serum was added and the solution was poured into 
sterile petri dishes. 

G. The plates were allowed to stand thirty minutes with the covers jDartly removed. 
They were then covered and set aside for twent 3 '-four hours before use. 

Thirty-two hundred routine cultures from the nose and tliroat were studied hy 
seeding the material from each source, each on a plate of Mueller-dextrose and of 
Alueller-sucrose. Positive cultures were transplanted to second plates of 
Mueller-dextrose and iMueller-sucrose, then to feimentation mediums* contain- 
ing dextro.se, sucrose and starch and to a slant of brain-heart infusion agar for 
virulence tests. Eighty-four cultimes of C. diphtheriae were thus isolated. 

*F ennenlation Mediums. Extract. Difco Manual, 7th Edition, 1943, 170 pp. 


1. Trj'ptose - 10 gm. 

2. Sodium chloride , 5 gm. 

3. .Andrade’s indicator (prepared as previoush' described) 10 cc. 

4. Carbohj'drates (dextrose, sucrose, soluble starch) 10 gm. 

5. Distilled water 1000 cc. 
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A. Morphology of colonies and orgayiisms, and color characleristics of plates of 

C. diphiheriae (Figs. 1-8). 

C. diphtheriac produces, in most cases, characteristic black or dark gray colo- 
nies of distinctive morphology as outlined in Table 1. These colonies on the 
dextrose plate are outlined against a pink background while no discoloration 
occurs on the sucrose plate. In a small number of cases both initial plates are 
discolored pink after twent 3 ’--four to thirty-two hours, or the dextrose plate is 
questionably discolored pink with no change in the sucrose plate. Transplanting 
on second dextrose and sucrose plates gives the typical color changes in twenty- 
four hours on the subculture. After thirty-two hours, the color changes of the 
plates are found to be unreliable in view of growth of organisms other than 
Cor^mebacterium. An occasional case of C. diphiheriae (usuallj’’ minimus-) gives 
no color changes on the plates. It must be pointed out that occasionally the 
colonies of C. diphthcriae resemble those of C. xerose and C. pseudodiphihericiwi. 
It is of further interest that the colonies are relative^ small and less numerous 
on the dextrose plate and distinctty enlarged on the sucrose plate as compared 
with the non-sugar-containing Mueller plate. The exact explanation for this 
remains to be elucidated. 

On gram stain* C. diphiheriae gro\vn on Mueller-sucrose is gram-negative or 
gram-labile. Only occasionally is it gram-posittye (Table 2). This is in contrast 
to C. xerose and C. pseudodiphlhericum which are almost alwa 3 's gram-positive. 
Often the organisms of C. diphthenae are gram-negative, while containing one or 


*Gram Stain (Reference: TM S-227, pp. 147-148, U. S. Army) 

A. Preparation of stock solutions: 

1. Crystal violet 13.87 gm. in 100 cc. 95 percent etlp'l alcohol 

2. Safranin 3.41 gm. in 100 cc. 95 per cent ethyl alcohol 

B. Working solutions: 

1. a. Crystal violet, stock solution 5 cc. 

b. 95 per cent alcohol 5 cc. 

c. jVmmoniurn o.\alatc, I per cent aqueous solution 40 cc. 

2. Grams iodine: 

a. Iodine 1 gm. 

b. Potassium iodide 2 gm. 

c. Distilled water 300 cc. 

3. Decolorizer: 

a. 95 per cent alcohol 50 cc. 

b. Acetone 50 cc. 

4. Safranin: 

a. 10 cc. stock solution, 90 cc. distilled water. 

C. Procedure: 

1 . Cr.v.stal violet one to two minutes 

2. Wa.sh with lap water. 

3. Gr.arn.s iodine one minute 

4. Wash with tap water. 

5. Deetdorize until no furllier traces of stain are wasiied out. 

0. W.ash with tap water. 

7. Safninin one-h:ilf to one minute 


S. W:ish with tai> water. 
9. Blot dry. 
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1. Tvi'k-.m. {‘()i,(t\ir.s <iK C. . diphUicriac mifis <in M<)i)irn;i) Muui.i.KR-SucriosK 

Mi;i)IC.m. X 2. 

I'li:. 2. Coi.oNins or C. diphthcriar milts ox Mooikiki) Ml'Bi.i.kr-Dkxtkosk; 
Iniiiiutki) (JnowTit dk Samk f?TK.\i.v as jn Tir:. 1. X 2. 

Tvi-u'Af. fVit.oNv ok C. diphthcriac gravis ox .MtJDiriKU .^^^•Kl.I.r;R-SlJcrto.SI;. X2. 
I'to. 1 . C’oi.oxiirs or C .diphlhcriae gravis v.s .Modikix;!) Mkri.i.kr-Dkxtrose; IxmiiiTKi) 
(Jrowtii ok same Htraix as jx Fig. .3. X 2. 

Fig.."), llor-KT-n; .SitArKii Cki.ti rk ok Tvki: gravis, Uesk.mbi.i.xg C. psrudodiphthrricurn 

^ Huheuhiirn slunvs typical csiioriy anrl fermentation reactions of type gravis. X 2. 

Fin. f>. Hamk. Htrmx as Fig. .5 Siunvixo ixinniTK.ti Cirowiii ox .MoniriKO .MuEi.i.r-R- 

Dk.xtkosi;. X 2. 

Fin. 7. J^Kiintri.TKUK. oKTvfi:nR\visoxMoi)iKiKi>Mi Kt.i.r,R-St:<'ROsK. At'TKR24 Ho(;r.s 
C-filotiies arc still pr;iy with a hejxinnirifc blark di.socoloration at the edKc (arrow). X 2. 
Fin, S. SKnoKi.iTi’.i; ok Hvmk. Htraix as I'm. 7, o.x MoniriKit .MfKi.LKR-Dr.xxRO.sK 
Xot <• marked inhihition of Growth. X 2. 
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more gram-positive or gram-metachromatic granules. Tlie t 3 'pical clubbed, 
barrel-shaped and gi'anular forms are almost ahvaj^s found. Onl^^ occasional^ 
does the organism have the form of a straight long or short bacillus. 

B. Time of recognition of C. diphlheriac 

In Table 3, it is noted that 76 (90.5 per cent) cases were diagnosed as positive 
in from sbeteen to twenty-four hours, 7 (8 per cent) in fortA’-eight hours, and one 
case remained doubtful until found positive on vinilence test. Of those diag- 
nosed in from sixteen to twenW-four hours, the majority were recognized in 
eighteen hours. In a more detailed study of a limited number of cases, the follow- 
ing results were obtained. Of 172 throat cultures taken on the same day, 14 
positive cultures were obtained. Of these, two were recognized in sixteen hours, 
7 (total) in nineteen horn's, 9 (total) in twent\*-four hours, and 14 in thirty-two 
liours. It is thus clear that in 90 per cent of the cases a diagnosis of C. diphlheriae 


TABLE 2 

Heactio.v to Gram Stai.v of C. diphlheriac, from Ml'em.er’.s Sfcro.se Plate 


' CR.\M-N*rG\Tl\X 

1 REACTION* , 

1 

CRAM*POSITJ\X 1 GRAif REACTION* j 

REACTION* } DOUBTFCL j ^ 

[ i .. . f .. 

Number of cases j 34 

Percentage i 41 

- \ 

i 6 1 44 1 84 

i 7 1 52 1 100 

TABLE 3 

Time Heqcireu for Isolatio.v of C. diphlheriae 

• i 

j rRos: 16 TO 
; 2-! HOURS 

i 

' FROM 24 TO j 
, 4S HOURS 

1 

[ t 

AFTER 48 HOL-RS 

FOLEOWIN’G j TOT.AL 

1 VIRULENCE TESTj 

f 

Number of cases * 7G 

i 

i 1 

! ' i 

j 1 i 84 

f ! 


can be rendered the clinician in from si.xteen to twenty-four houm and in 98 per 
cent of the cases a diagnosis ma}* be obtained within forty-eight hours. 

C. Comparison helween fermentation reactions on MueUcr-dextrose and Mueller- 

smerose mediums, and reactions on broth sugars of C. diphlheriae 

This comparison is recorded in Table 4. It will be noted that the reactions on 
the plates prov^ed to be far more reliable than tho.se in the broths. This is owing 
to the large number of positive sucro.se feintientations obtained in broth which 
were not con.sistent with vimlence te,sts. The reason for this is at present not 
clear to us. 

D. Cases of C. diphlheriae vrith atypical or inconclusive fermentation reactions on 

Mueller-dexlrose and Mueller-su erase mediums (Table 5) 

In three cases the dextrose plate was insufficiently changed in color in twenty- 
four hours, but subcultures on sugar plates revealed the typical reactions of C. 
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diphihcriac. In five cases a faint pinkisfi discoloration occurred in the 
sucrose plate in t\vent. 3 '’-four hours. In four of these, subcultures on sugar 
plates showed the typical reactions of C. diphtheriac. One case was not sub- 
cultured in this manner. In onlj^ one case a morphologically suspicious colon}-- 
of C. diphtheriac gave feimentation reactions of C. psendodiphthericmn in the 
plate. 

E. Control cases 

Thirteen cultures of C. pseudodiphthericum and C. .rerose isolated on IMueller 
sugar plates were compared vfith the fermentation reactions after inoculation on 
sugar broths (Table 6). Both mediums showed complete agreement as to the 
presence or absence of color changes. The virulence test was negative in all the 
examined control strains. 


TABLE 4 

Co.MPARISO.V OF CUAXOK OP CoLOR PRODUCED IK Sl'O.AR Pl.ATES AND IN SuGAR BroTII 


i 

1 

POSITIV'E IN- 
PLATES .\ND ' 
BROTH* 1 

POSITIVE 

JN- PLATES 
NECATm: 

IN* BROTH t j 

1 

POSITIVE IN- 
BROTH KECATIVE 
OR DOUBTFUL 
IN PLATES 1 

ATYPICAL COLOR 
CHANCES IN 
PLATES AND 

IK BROTlU 

Numlier of ca.ses 

5S i 

! 

23 

2 

1 




* Positive indicates fermentation of de.xtrose; no change of sucrose, 
t Negative indicates diplitheroids or C. xcrose. 

X C. diphtheriac was confirmed onl}' by virulence test. 


in. A SUGGESTED HACTERIOLOGIC PROCEDURE FOR THE DLVGXOSIS OF 

C. diphtheriac 

I'hc initial swabs from the nose and throat are plated on Muellcr-dextrose and 
iMueller-sucrose mediums. Up to six swabs can be strctiked on a sugar plate. 
The plates are read in sixteen hours, and again in twenty, twenty-four and forty- 
eight hours. 

If black colonies, of any shape, the size of a pinhead or larger, appear within 
twenty-four hours on both plates with a pink discoloration of the dextrose plate, 
and with no discoloration of the sucrose plate, a diagnosis of C, diphtheriac is 
made. 

If colonies with a faintly pink discoloration of the dextrose plate, or if colonies 
having a pink or faintly pink discoloration of both plates, appear within twenty- 
four hours, one of the colonies from the sucrose plate is transplanted to another 
pair of Mueller .sugar plates. If both plates are again discolored pink, a negative 
fliagnosi.s is rendered. If faintly pink discolorations are again endent on one 
or both plates in forty-eight hours, a diagno.si.s of doubtful is rendered to the 
clinician, and the procedure outlined below Ls used for further identification. 
:\ pink coloration on either plate after thirty-two houi-s has no significance and 
the plates are not considered thereafter from the standpoint of color. The su- 
crose plate i.s used for furtlier .study. 
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TABLE 5 

Cases ix Which Reaction ox Stgar Plates after 24 Hoi:rs was Atypical. 


CrlLOR CRANCS: \ COLOR CHAN'GH 
. I.V - IN SCGAR BRon? 

Ns?: ss; 


=. f RESl-LT or 

!:o?:ctc‘$ioK rsoi: scc’.?. pl-WEs • co;;cxcs!on troji scgar bp.otk ;virclevce 



j Direct culture: C. psen- ; C. xerose 
dodiphlhcricum i 

i Subculture; C. ; 

I Ihen'ac 


j Direct, culture: doubtful ; C. diphtheriac 
■ Subculture; C. 

• tlicriac 

t I 

I t 


I 

; Direct culture; doubtful ■ C. diphtheriac 
: Subculture; C, df;}/i- j 
I thcriae 



i Direct culture: doubtful ; Doubtful 
! Subculture: C. df/>/)' 

: thcriac \ 


Plates doubtful after 48 ; C. diphtheriac 
hours ; 


■ Direct culture: doubtful ; C- diphtheriac. From 
i Subculture; C. dfpfi- subculture: de.xtrose 

•! thcriac and sucrose, positive 

i ! (C. xcrosc ?) 


Direct culture: doubtful ; From direct culture; 
Subculture; C*. dtp/i- ! C. pseudodiphtheriewn 
thcriac ; From subculture: 

: C. diphtheriac 


i i-j_ 


; Direct culture: doubtful I C . diphtheriac 
! Subculture: C. diph- '■ 
i thcriac 1 


i A-E 



, 


5 ' 

, ~ ! Doubtful color change on 

From direct culture: 




s sucrose plate after 4S 

doubtful 




; hours (virulence test 

From subculture: 


: 


? indicated) . 

C. diphtheriac 
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If a black or gra.yisli black colony of any shape or size appears onl}' after 
fortj'-eight hours on the sucrose plate, a smear and gram stain is made of the 
colony. If gram-positi\-e, labile, or gram-negative rods with the morphology of 
Cor\mebacterium are found, further identification as outlined below is nccessaiy. 
If gram-positive or labile rods not morphologicalh' consistent with C. diphthcriae 
are found, then the clinician is consulted as to the clinical possibility of diph- 
theria. If the clinical picture is suspicious, further identification as outlined 
below is necessary. 

If no black colonies are noted at the end of forty-eight hours a negative diag- 
nosis is rendered. If black colonies are noted, a transplant is made on Mueller- 
sucrose medium for purification, and a subculture is then made on a brain-heart 
infusion (BHI) slant, and in starch broth. The BHI is used for the virulence 

TABLE 6 


Cases of C. pscudodiphthcricum a.vi) C. xcrose Lsol.vtkd ok Mueli.er’s Sugar Plate 
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test. If the virulence test is jjositive, thi.s is correlated with the reaction on starch. 
If the reaction on starch is acid, a diagnosi.s of C. diphthcriae gravis h made. If the 
reaction is not acid, a diagnosis of C. diphthcriae initis, interuicdius or vimimus is 
made, depending on previous morphologj’’ of the colonies on Mueller-sucrosc 
medium. ^ 

COMMENT 

This procedure for the more rapid liactcriologic identification of C. diphthcriae^ 
in our opinion, has the following advantages: 

1. The use of iMueller-dextrose medium makes possilde better visualization of 
the black colonie.s, clearly .seen agaiiLst the pink background. 

2. The use' of Mueller-sucrosc produces larger colonics. 
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CULTURE OF C. dfpJuheriac 

3. A positive bacteriologic diagnosis of C. diphtheriae is possible in from sixteen 
to twenty-four hours in about 90 per cent of the eases. 

In our opinion, it is not of great value to the clinician to know the type of C. 
diphthcriae present. A simple diagnosis of C. dipJitJieriae in from sixteen to forty- 
eight hours is the only clinically valuable laboratoiy finding at this time. A more 
complete bacteriologic report may follow later, giving the type of organism and 
its virulence. 


SUMMARY 

A study was made of iVIueller’s medium using 5000 routine throat cultures. 
On the ba.sis of the initial study, IMiieller’s medium was modified so as to contain 
6 per cent, rather than 2.5 per cent, of tellurite senim. 

IMueller-dextrose and Alueller-sucrose plates were then devised. With the aid 
of these plates, it was possible to make the bacteriologic diagnosis of Corynehacte- 
riiim diphihcriac in 98 per cent of cases vithin fortv-eight hours and in 90 per 
cent of cases in from sixteen to twenty-four hours. The fermentation reactions 
on Mueller plates were found to be more accurate than those obtained in broth 
sugars. 

A procedure for the rapid bacteriologic diagnosis of C. diphihcriac is suggested. 

Achmxrlcdgmcni. Tiianks are due to Miss Xancy Pohl Procter who did most of the 
technical work connected with this investigation. 
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EFFECT OF SODIUI^I CHLORIDE BALANCE ON AVIDITY 
OF m AND n AGGLUTINIA'S* 


K-VTHARINE O. PATTERSON 

From the Wyeth Institute of Applied Biochemistry, Philadelphia S, Pennsylvania 

In a previous paper, the effect of the sodium chloride balance on the aviditj' 
of the isohemagglutinins a and h was discussed. This investigation concerns the 
effect of sodium chloride on the agglutinins vi and n. 

The agglutinins were produced in the usual manner,* using human cells OM 
and ON as the antigens for rabbit immunization. The rabbits were bled and the 
senims collected separately. Each senim \\'as inacti^^ated in the water bath at 
5G C. for twenty minutes and diluted 1:20 ulth 0.85 per cent saline for absorp- 
tion, and for the experiment presented in this paper. It was found that the 
anti-N serum required two absorptions and the anti-M one, the ;« agglutinin 
being produced more readily in this instance. Group OIM and ON human cells 
were used for the absoiption of the species agglutinins and all serums were neu- 
tralized by the use of group sjjecific substances A and B, which were kindly 
supplied by Eli Lilly and Company for research purposes. 

Tests were then set up to show the effect of the sodium chloride balance on the 
titer and avidit}* of these agglutinins. Equal amounts of a 5 per cent suspension 
of homologous red cells and test serum were mi.xed on a Boerner well slide for the 
avidity test. A 2 per cent suspension of homologous red cells was used in the 
serial titrations. Individual serums were tested, after varjnng amounts of solid 
sodium chloride had been added to the liquid serum. 

In this series, the m agglutinin was usually strengthened by the addition of 
sodium chloride, but at certain levels, a marked deleterious effect was noted, 
even with certain low concentrations of sodium chloride. In searching for an 
explanation of this phenomenon, it was found that by pooling the individual 
.scrums, the results obtained were similar to those displayed b^' senim containing 
the « agglutinin (Table 2). The ?i agglutinin seemed radically improved and 
remained so, leveling off like the pooled anti-N senims reported in Table 2. 
There was a slight variation in the titer of the m agglutinin, while the n agglutinin 
titer remained constant in this individual testing gi-oup. The reason for the 
inhibiting effect of certain concentrations of sodium chloride on .some individual 
7)1 agglutinins is not known. 

The senims were then pooled and 1 cc. dried in a .small vial in vacuo. Individ- 
ual vials of serum were restored to original volume by the addition of .‘^aline solu- 
tions, ranging from 0.1 per cent to 2.0 per cent. The}’ were then tested for 
avidity and by .serial titration with the results shown in Tables 1 and 2. 

On(' or two variations occurred in the results as shown in Tables 1 and 2, when 
the serums wore pooled. The sodium chloride in ail concentnitions tested, no 

‘Received for pubHcalion, .August IG, JOtG. 
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longer showed a deleterious effect on the m agglutinin and the serum seemed as 
much improved as the anti-N serum. Hie m agglutinin titer remained compara- 
tively stable. All reactions were irreversible. 


DISCUSSION 

During this in^-estigation, sei'eral otlier points were noted irhich were of 
interest. It is known that the agglutinins 7n and n are unrelated to a and bv 
Their reacti\*ity on the slide is different. In the a and b agglutinin reaction, a 

TABLE 1 


Eftect of Con'CEKtr.\tiox of Sodium Chloride ox Agglltix.ltiox in Pooled 

.'V.N'Ti'^r Serum 
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quick circular motion (rotator at 90 r.p.m.), or a tilting of the slide back and forih 
to an angle, rapidly brought a complete agglutination. In the m and n reaction, 
the slowest and slightest hand motion, holding the slide in both hands, even 
allowing it to remain idle a few .seconds, completed the reaction in the shortest 
possible time. The m and 7 i- reactions v.mre not like the sirift, aggie^sive, haid- 

to-break clumps of the a and b reactions. 

It was noted that the more concentrated the cell su.'jpension, the quicker and 
more complete the reaction. In fact, dipping an applicator stick directb’- into 
the clot, or into straight cells, and then mixing with one drop of seinm, thus 
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obtaining quite a heavy suspension of cells, seemed to give better results than 
when using a standard 5 per cent suspension. This Avas found in thepreliminarj' 
testing of cells to be used in this investigation. Further work is being carried 
out to confirm this observation. 

Despite the slight variation of titer in the individual serial titrations of the 
anti-M rabbit senim, titer and avidity do not go hand in hand. It is the aA-idity 
of the particular serum used A\-hich should be the criterion of its potency and 
safety rather than the titer, as it has been demonstrated that Avhile the titer 
remains stable, the combining strength of the antibod^’^ for the antigen has been 

TABLE 2 


Effect of Co.vce.vthatio.v of Sodium Cheohide o.v .-VGRLuri.v.ATio.v is Pooeed 

An'ti-N Seru.m 
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radically improA’cd. The greater the combining strength of the agglutinin, the 
greater the possibility of picking up Aveak reactors and the subgroup N;. 

coxcriU.sioNs 

The avidity of the m and n agglutinins is radically improved by the alteration 
of the sodium chloride balance. .\ final .sodium chloride concentration in pooled 
anti-N .‘=crum of about 1.8 per cent, and in pooled anti-AI seiuin of about 1.15 
pi'r cent .«ccmcd optimal in this serie.s. The agglutinin titers of anti-M and 
anti-X senims do not reveal the actual potency of the scrums. 
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EDITORIAL 

The College of American Pathologists 

In a truly democratic spirit and amid manifest enthusiasm, some 140 American 
pathologists, many of them representing local, state or regional societies, con- 
vened in Chicago on December 12 and 13 last, to organize The College of 
American Pathologists. The primarj' purpose of this organization is to elevate 
the standards of practice of patholog}’’, emphasizing those educational aspects 
which have not been covered by other existing national organizations of 
pathologists. 

The need for such an organization has been apparent for some years, and with 
its creation, a new phase in growth has begun in the field of Pathology. While 
it is satisfying to realize that this body has the sanction of the overwhelming 
number of pathologists, it may be well to point out that the creation of this 
body was made possible chiefly through the encouragement and initial endorse- 
ment of the American Society of Clinical Pathologists. 

In the formation and direction of this new movement, there looms foremost 
the spirit and guiding genius of Dr. Frank W. Hartman of Detroit, an educator 
in American Medicine who has already done much for the advancement of 
palholog}'. Dr. Hartman was one of the foimders and a past president of the 
American Society of Clinical Pathologists and one of the founders, and for twelve 
years secretary, of the Ameilcan Board of Pathology. It is fitting, theiefore, 
that Dr. Hartman should have iieen acclaimed as the first president of this 
College. The other officers and the members of the Board of Govei'iiors hai'e 
also merited confidence chiefly by their scientific accomplishment but also by 
their demonstration, in the past, of devotion and zeal for those high principles 
which attract so many men of worthy purpose to the studj" of pathology. It is 
needless to mention that any gain which may accrue to the individual pathologi.st, 
as a result of the establishment of the College, must be regarded by him only 
as an incidental consequence to his fulfillment of a larger purpose, viz., of his 
responsibility to his profession, which, in the last analj'sis, can only be mcasiued 
in terms of .service to the patient. 

We extend our sincerest good wi.shes for the success of The College of Ameri- 
can Pathologists and we salute our esteemed colleague.s^ who have been entrusted 
with its guidance. 


S. E. G. 



BOOK BE^TEWS 


Medical Jurisprudence and Toxicology. Ed. 8. By John* Glaister, J. P., M. D., Bar- 
rister-at-law, Pie^us Professor of Forensic Medicine, University of Glascov'. 691 pp., 
222 ilius., 89 in color. $8.00. Baltimore: The Williams & Wilkins Company, 1945. 
This work of the Glaisters, father and son, now in its eighth edition, has become a medi- 
colegal institution. From the viewpoint of the American reader, it is an exceedingly useful 
textbook and reference handbook. About two-thirds of the book is taken up with dis- 
cussions of identification of human remains, hairs, guns and bullets, and blood stains, as 
well as consideration of insanity' and sex offenses, death from violence, shock, burns and 
other matters which fall into the field of forensic medicine. The latter third of the book is 
devoted to the subject of poisons and poisoning. Of particular interest is the British use of 
chemical tests of blood in determining the extent of alcoholic intoxication, a procedure 
which we might ver 3 ’ profitably' adopt in our country'. In recent editions the illustrations 
have been progressively improved. This edition contains 222 plates, 89 of which are in 
color. The use of color plates represents a distinct advance in publishing and both the 
author and the printer are to be congratulated on the faithfulness of color rendition. 

The sections of the book which deal with legal procedure in England and Scotland will be 
only of academic interest to the American reader. The remainder of the volume, however, 
offers a most valuable reference work for pathologists, physicians, medical examiners and 
others who are confronted with medicolegal problems. 

Michigan Department of Health Laboratories C. W. Muehlberger 

Lansing, Michigan 

The Control of Veneral Disease. By' R. .A.. Voxderlbhb, M.D., Director, District Number 
6, U. S. Public Health Serv'ice and J. R. Heller, Jr., M.D., Chief, Venereal Disease 
Division, U. S. Public Health Service. 246 pp. $2.75. New York: Rey'nal and Hitch- 
cock, Inc-, 1946, 

Dr. Vonderlehr was director of the Venereal Disease Division of the U. S. Public Health 
Service from 19.35 to 1943, and Dr. Heller has serv'cd in that capacity’ since that date. The 
authors are, therefore, unusually well qualified to present this major health problem. This 
book should be considered as a sequel to Shadow on the Land by Surgeon General Thomas 
Parrah, USPHS, and Plain Words about Venereal Disease by Parran and Vonderlehr, with 
projection of war-time effort into a peace-time program. It describes the dramatic dis- 
coveries which have revolutionized the medical aspects of control. It emphasizes the 
need, as well as the available technics for case-finding and prompt treatment, so essential 
to continued progress in this field. It is written primarily' to inform the public of the prog- 
ress which has been made in the nation-wide fight against syphilis and gonorrhea. It will 
prove, however, a valuable reference for physicians, health officers, nurses and social 
workers interested in this field. Finally, it emphasizes the need for a continually' more 
aggressive contact program, instead of permitting a possible post-war slow-down of this 
control w’ork, 

Wayne University College of Medicine U- W . Shaffer 

Detroit 


NOTICE 


The Executive Committee of the American Societ}’ of Clinical Pathologists has approved 
the adoption of a distinctive cover design for the Journal and the Technical Bulletin begin- 
ning with the present (January 1947) issue. The new cover was designed by Aliss Louise 
Horne, Medical Illustrator, Wayne County General Hospital, Eloiso, Michigan. 

In order to eliminate the confusion which has heretofore resulted from different num- 
bering of volumes of (1) the.Journal, (2) the Technical Section and (3) the Technical Bul- 
letin, the Editorial Board has also adopted the following changes effective with the i)rc.=ent 
issue : 

The title page of the Technical Section will no longer boar a volume number and the 
])agination of this Section will be continuous with that of the rest of the Journal. 

The Technical Bulletin (oflicial name of the separate ])rinting of the Technical Section) 
will be numbered A'oiume 8-17 and will have the same pagination as the Technical Section. 

Beginning with the 1948 issues, the Journal and the Technical Bulletin will both have 
the same volume number. 
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TECHNICAL SECTION 


ASPIRATION OF STERNAL BONE MARROW 

Technic for Obtmning Volu-metric Readings, Smears, Imprints and 

Histopathologic Sections* 

% 

LAWRENCE BERMAN, 3,LD., axd ARNOLD R. AXELROD, M.D. 

From Ihe Departments of Pathology atid Medicine, Wayne University College of 
Medicine and City of Detroit Receiving Hospital, and the Anemia Laboratory, 
Out-Patient Department, Harper Hospital, Detroit, Michigan 

It is the purpose of this communication to present a simple method for ob- 
taining smears, imprints, volumetric readings and histologic sections from a single 
aspirated specimen from the sternal bone marroiv of patients. This technic was 
developed as a modification of Schleicher’s method’-® for obtaining “gross bone 
raarroiv units.” 


TECHNIC 

The usual aspiration technic is followed as described in detail by Limarzi- and 
Schleicher,"* For completeness, the step by step procedure ivill be described nith 
the modifications which we have found to be of great practical value. 

The midline of the steraal bod}" opposite the second intempace is the usual site 
of puncture. The skin in this area is shaved, cleaned and prepared with anti- 
septic solution. The skin, subcutaneous tissue and periosteum are infiltrated 
with a local anesthetic. The injected area is gently massaged until there is no 
elevation of the tissues. The thickness of the skin and subcutaneous tissue over 
the site .selected for puncture is marked on the needle used for injecting the local 
anesthetic, with the needle at right angles to the surface of the sternum. The 
aspiration needlef has a guard with a threaded shank which moves upward 1 mm. 
for each complete turn. The puncture needle is exposed for the same length as 
marked off on the infiltration needle ; then the guard is moved upivard 2 to 3 mm. 
This will usually be sufficient to cause penetration of the skin, subcutaneous 
ti.ssue, and the outer table of cortex of the sternum. The aspiration needle is 
forced into the stenium "with steady pressure and slight rotation with the needle 
at right angles to the surface at all times. A distinct “give sensation” is felt as 
the needle enters the medullary ca\ity. After the needle is firmly embedded in 
the medullary ca^ity, which may require an additional ^ to f of a turn of the 
needle head, the stylet is withdrawn and a 10 cc. glass syringe is attached to the 
needle head. The plunger is slowly withdrawn until the first drop of marrow 

* Received for publication, September 12, 1946. 

7 Manufactured by Y. ^Mueller and Company, Chicago, Illinois. 
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fluid is visualized in the capillarj' end of the syringe. The sj’ringe is immediately 
detached, the stylet replaced, and the first drop is expressed onto a clean slide, 
taking care that the sterile SA’ringe does not touch the slide. Se^'eral smears are 
thus made and quickly air-dried. These smeam do not. come into contact wth 
anticoagulant; hence the}' are of greatest value for studying cytologic detail. 
The same 10 cc. syringe is reattached to the needle head after removing the 
stylet, and the plunger is rapidly withdrawn to the 6 cc. mark and held there 
until 1.5 cc.of marrow has been obtained. At this time; the patient usually ex- 
periences a “suction pain” which, however, is momentar}' and not severe. This 
specimen is immediately placed in a paraffin-lined vial containing a minute 
amount of heparin* and gently rotated several times to mix the marrow material 
with the heparin. The aspiration needle is removed and a tight, sterile dressing 



]'i«. 1. TitAXSiKR OF Gross Marrow Partici.k.s to PRi:i>Anfai Arka O.v .Si.id!: 


is applied. The bone marrow specimen is placed in a ^Yintrobc hematocrit tube 
Avith the aid of a capillary pipet and centrifuged at 2,000 r.p.m. for five minutes. 
The marrow .specimen is thus separated into four layere (fat, plasma, nucleated 
cells and erythrocytes) and the A'olume of each is recorded in “volume per 
cent.”* A small amount of heparinized marrow (0.5 cc.) remains in the paraffin 
vial. 

During the centrifugation of the marrow specimen, a clean slide is prepared 
for collection of gro.ss marrow particles from the remaining material. Particles 
arc also collected from among those adhering to the barrel of the syringe, the wall 
of the paraffin vial and the inner .surface of the capillary j)ipet. To prepare the 
slide, a small amount of poAvdered topical thrombinf is placed on the slidf;, 

• PowdfTCfl lic[);irin, obtaineil from IIyn.son, We.stcott, tV DunniiiK, naltinioro, .M<1. 

t Tliromlijii, Tojiical, olHuined from l*arke, Davis, iV Companj', Detroit, .Micliigan. 
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mixed into solution with a drop of water and allowed to drj*. The gross maiTow 
particles are carefully picked.up and transferred to tins thrombin-coated area of 
the slide with the aid of the pointed ends of split Avood applicators (Fig, 1). 
Several rows of imprints are made on clean slides from one or two of the parti- 
cles.^ After the marrow particles have been collected and placed on the prepared 



Fto. 2. Addition* of HErATtixizED Plasma to P.\rticle Co.vgregate 



Fig. Z . Pla.sma Clot Contaixin-g ;^^AS3 of Marrow Particles 


area of the slide, they are gently manipulated until they are in contact with each 
other. To this particle congregate arc added three or four drops of the heparin- 
ized plasma obtained from the centrifuged .specimen (Fig. 2). The pre.sence of 
the thrombin causes clotting of the heparinized pla.sma. The plasma clot, wliich 
includes the compact mass of marrow particles, is now a firm mass which can be 








TECHNICS 


65 


easily lifted from the slide and dropped into a- ^dal containing the fixing solution’' 
(Figs. 3 and 4). 

A second set of smears is made from the nucleated cell layer of the hematocrit.^ 
An equal amount of the plasma and nucleated cells are aspirated and transfened 
to a paraffin-coated watch glass where thej' are thoroughly mixed. The smears 
are made from this mixture. These smears of bone marrow concentrate are used 
for differential counts. We have used Wright’s stain* or INIaj'-Grunwald-Giemsa 
stain® with equal success. The mass of marrow particles is used for preparing 
Iristologic sections (Fig. 5). 


DISCUSSION 

A disadvantage of the aspiration method for obtaining bone marrow is its 
failure to allow for histopathologic study of bone marrow structure. Amprino 
and Penati/ in 1935, demised a method whereby the aspirated marrow material 
was allowed to clot in the aspirating S3’^ringe. The coagulum was then fixed, em- 
bedded in celloidin and sectioned. This method pro^^ded for histopathologic 
studv' of the bone marrow structure. IMertens,^ in 1945, using the same teclmic, 
stated that a second aspiration was necessarx' if smears were desired. Tliis is a 
disadvantage because repeated aspirations lead to further contamination of the 
marrow specimen with blood® and hence to inaccuracies in the differential count 
and volumetric pattern. Schleicher' ® and Tucker” collect the individual gross 
marrow “units” and prepare each paiticle separat^h" for sectioning. 

Losing our technic as described, onh' 1.5 cc. of marrow material is aspirated so 
that dilution with sinusoidal blood is kept at a minimum. The single specimen 
provides adequate material for volumetric readings, smears, and imprints for 
cx'tologic studx' and differential counts, in addition to maiTow particles from 
which paraffin sections can be made for obserx'ation of the bone marrow topogra- 
phxx The single congregate mass of marroxv particles in the plasma clot is easily* 
handled during the various stages of histologic preparation. 

suiixmRY 

A simple modification of Schleicher’s technic of sternal bone marrow aspiration 
is described wherebj' material for smears, imprints, volumetric readings and his- 
tologic sections maj' be obtained from a single aspiration. 
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SIMPLE IWETHOD OF PREPARING ANTI-Rh SERUM IN NORAIAL 

i\IALE DONORS* 

ALEXANDER S. WIENER, M.D., and EVE B. SONN GORDON 
Fro2n the Serological Laboratory of the Chief Medical Examiner of New York City 

Tile original method ' of preparing anti-rhesus serum in guinea pigs has the 
following disadvantages: (1) the jdeld of serum from each immunized animal is 
small, and rhesus monke 5 's must be available to pro\-ide blood for the injections; 
(2) the serum cannot, be used for testing newborn infants, because such blood is 
agglutinated by anti-rhesus immune serum, regardless of its Rh tj-pe; ’ (3) the re- 
actions are ven,' delicate and, thus, satisfacton’’ results are obtained onl\' bj” 
highly trained technicians. Tlie situation was much improved when human 
anti-Rh serum became avaUabie because this gives shaiper reactions than experi- 
mental antiserum and, therefore, is more satisfactory* for routine testing. 

At first, human antisenim was obtained only from patients who had had tran-s- 
fusion reactions,^'" or from mothers of erythroblastotic infants.® As the need for 
scnim increased, this source of supply proved inadequate, because only a small 
proportion of such patients possessed senim of sufficiently high titer and a^*^dity 
to be useful in te.sting. In connection with experiments with the biological test 
for Rh sensitization, it was observed,^® in 1944, that two weeks following the in- 
jection of the test dose of Rh-positive blood, there was a rise in the titer of the Rh 
antibodies. It occurred to us that the injection of small amounts of Rh-positive 
blood into individuals known to be sensitized to the Rh factor might sen*e as a 
method of producing anti-Rh testing serum in human beings. Although the 
method was taken up by other workers ® with considerable success, it proved 
uncertain because of an insufficient number of subjects who Avere suitable for in- 
jection. Considering the large demand for Rh antiserum, the only practicable 
solution seemed to lie in its production in normal, male, professional blood donors. 
The puipose of this communication is to describe such a procedure Avith Avhich Ave 
ha\'e had success. 


THEORY AND XIETHOD 

PreAUOus obserA'ations had shoAra that injections of relatiA*eIy minute amounts 
of solutions of A and B group substances into indmduals lacking the correspond- 
ing agglutinogens stimulated a pronounced rise in the alpha and beta agglutinin 
titers in such indiAuduals. Among the materials successfully used AA'ere : pooled 
human plasma,^® in 40 to 50 cc. amounts intraA^enously; autoclaA'ed human sa- 
liAm,^^ in quantities of 0.2 cc. intramuscularly; or minute amounts of purified A 
and B group substances of animal origin,^" either intramuscularly or intraA*e- 
nously. Aet, intraA'enous or intramuscular injections of relatiA-ely large amounts 
of Rli-positix'e blood into normal Rh-negatiA’-e indiAuduals failed to elicit the for- 
mation of anti-Rh agglutinins. It then became apparent that the reason for the 

* ReceiA'ed for publication, August 15, 1946. 
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contrast in results following immunizing injections against A and B, in compari- 
son with Rh, was that normal individuals have a background of sensitivity for A 
and B, as evidenced by the presence of natural alpha and beta agglutinins in 
their serum, but no background of sensitivity for Rh. The provocative effect of 
injections of small amounts of A or B group substance was, therefore, in the na- 
ture of an anamnestic reaction. It occurred to us that if we could build up a back- 
ground of Rh sensitivity in male professional donors, a small injection of Rli- 
positive blood might then stimulate the appearance of potent anti-Rh agglutinins 
in their senims. The validity of this piinciple was indicated by some previous 
observations on intragroup hemob'tic tran.sfusion reactions.®- *- 

The following method of immunization was decided on for the preparation of 
anti-Rh agglutinating senim. Group 0, Rh-positive blood was mixed with an 
equal volume of sterile citrate solution. The blood used in all our experiments 
belonged to .subt 3 ’'pe RhjRh:. Four cc. of this 50 per cent blood suspension was 
injected intravenously into each of a number of donois. After an interval of 
four months (the maximum survival time for transfused red blood cells) a second 
intravenous injection was given, and ten daj’s later blood was drawn for testing. 
Donors Avith a satisfactor}’- titer of anti-Rh agglutinins Avere bled. 

RESUnT.S 

Nine donors completed the course of immunization. Of these, four shoAA’ed no 
CA'idence of antibody formation Avhilc fiA'e had anti-Rh agglutinins in their serum. 
In three of the latter fi%’c donois, the serum Avas too Aveak (titers from 2 to 12 
units) to be useful, but in the other tAvo donors, the titers of anti-Rh agglutinins 
were A-erj' high, 200 and GOO units re.spectiA'el 3 ^ Ba’^ the method of exchange 
tran.sfu.sion Avith type rh donors, 1500 cc. of blood Avas draAvn from each man and 
a satisfactorj' Aueld of testing serum Avas obtained. 

The antibodA’ re.sponse Avas CA'anescent and the titers soon fell. Six Aveeks 
later, each man Avas giA'cn a second proA'ocatiA’c injection of Rh-positive blood 
and this procedure Avas rei)eatcd scA'cral times at inteiwals of six Aveeks. While 
each injection again stimulated a rise in the antibodj' titers, the peaks Avere not 
a,s high as after the fust stimulating injections. The donor Avho originallj' had 
the highest agglutinin titer (GOO units) .subsequcntl}' produced blocking anti- 
bodie.s lus avcH us agglutinins, so his senim could no longer be u.sed as a pure 
agglutinating .senim, although it still could be used bj' the conglutination 
method,*® - ** or In’ the slide method of Diamond and Abelson.®- ** Tlie second 
donor Avith high-titcred agglutinins subsequent h' produced anti-Rh" agglutinins 
as Avell as anti-Rho agglutuiins. At'ith the aid of potent anti-Rho blocking serum, 
a useful anti-Kli" agglutinating reagent could be prepared from his senim. 
Since Rlri is a more potent antigen than Rh", avc hav-e no doubt that by im- 
munizing type rh donors Avitli tA-jic Rhi blood aa’c shall succeed in obtaining 
anti-Rlf reagents in the same Avay. In fact, avc arc noAV injecting tA’pc RhiRlu 
indiA'idunls Aviih typo Rh>Rh: blood in the hoi>e of obtaining scrum with agglu- 
tinins for the factors Ilri, Rh", or both. 



TECHNICS 


69 


SUMilARY 

A simple method of preparing anti-Rho agglutinating serum in normal human 
subjects has been described. Four cc. of a 50 per cent suspension of Rh-positive 
blood is injected intravenouslj’’ and a second injection is given four months later. 
Subjects with satisfactor}’^ titers are bled ten to fourteen days following the 
second injection. Of nine men immunized by this technic, four failed to pro- 
duce antibodies, three produced antibodies whose titer was too low to be useful, 
while two produced high-titered anti-Rh agglutinins. 

ADDENDUM 

Since this manuscript vas first prepared, our immunization experiments have been can- 
ried much further. Our recent results prove that where the injections are continued for a 
5 'ear, by repeating the injections at six week intervals, five out of six injected men respond 
by producing antiserunrs useful for Rh testing by the tube or slide method, or for Rh typing 
b 3 ’^ the tube method . 

The observations on Rh isoimmunization of normal tj'pe rh males are also of great value 
in throwing light on the mechanism of isosensitization of pregnant women. To cite one 
example, we have found that the men injected with type Rhs blood first produce anti-Rho 
agglutinins, then anti-Rho glutinins (blocking antibodies), and then anti-Rh" agglutinins. 
Thej' finallj' reveal anti-Rh" serums (with natural anti-Rho blocking antibodies), which are 
useful for providing anti-Rh" reagents for Rh ty'ping. In a similar waj', type rh men 
injected with ty’pe Rhi blood first produce anti-Rho agglutinins, then anti-Rho glutinins, 
and then anti-Rh' agglutinins. These observations conform with our previous finding that 
Rho is a much better antigen than Rh' or Rh", and furnish additional evidence supporting 
our theory of competition of antigens to explain analogous phenomena observed in connec- 
tion with isosensitization by pregnancy (Il'iener, A. S.: Competition of antigens in iso- 
sensitization bj' pregnancy. Proc. Soc. Exper. Biol, and Med., 6^: 133-135, 1945). 
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A COMBINED CONCENTRATION METHOD FOR TUBERCLE 

BACILLI* 


HELEN E. BALMIER, :\LT. (A.S.C.P.), axd GENEVIE\^ A. ARNESON, B.S. 

From the Clinical Lahoralory, Phoenix, Arizona 

i 

A concentration method for tubercle bacilli has been developed which employs 
certain desirable features of two methods now in use but eliminates some objec- 
tionable feature of each method. It has proved to be consistently successful over 
a period of two j’ears, and in this laboratory, has almost supemeded preparations 
of direct sraeai’s. It avoids difficulties in applying material to the slide, in de- 
colorization, and in handling tenacious sputum. 

One modihcation of Petrol! ’s original concentration method utilizes a digestion 
of the sputum or other body fluid by 0.5 per cent sodium hydroxide, with incuba- 
tion for thirty minutes at 37C. The digested mixture is then shaken for ten 
minutes with a suitable hydrocarbon, such as xylol. The tubercle bacilli, bj’^ 
xnrtue of their waxy capsules, then float to the surface of the digested material. 
After standing for ten to fifteen minutes, the xjdol containing the tubercle bacilli 
is picked from the surface Avith a platinum loop, transferred to a slide and stained. 
This procedure is time-consuming and laborious. In many instances, the sodium 
hydroxide fails to digest the sputum completeh* with the result that the xylol can- 
not penetrate or contact all of the mixture. When this occurs, additional sodium 
hydroxide must be added and the material again incubated before the mixture can 
be shaken with xwlol. 

The method of Oliver and Reusseri employs commercial chlorox (Chlorox 
Chemical Co., Oakland, Calif.), which is a slightly alkaline solution consisting of 
equal parts of 15 per cent sodium hydroxide and 20 per cent sodium hypochlorite. 
The sputum or other body fluid is mixed with an equal volume of chlorox and 
shaken for Uvo or three minutes. The mixture is kept at room temperature for 
ten minutes, then centrifuged at 3000 r. p. m. for ten minutes. The sediment is 
transferred to a slide and .stained. This method is rapid and the material is 
sterilized effectively by the chlorox. Once applied to the slide, however, the 
sediment is difficult to decolorize and retain on the slide, even Avith the aid of 
albumin-glycerol. This results in preparations that are untidj' and difficult to 
read. 


METHOD 

Sputum or other body fluid is mixed Avith an equal volume of chlorox and 
shaken for tAvo or three minutes. One or 2 cc. of xylol is added and shaken AA-ith 
the digested material, for from Aa'c to ten minutes. The mixture is alloAved to 
stand at room temperature for ten minutes. The xylol is ladled from the surface 
of the material, transfeived to a slide, dried and stained. 

* Received for publication, August lo, 1946. 
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SUilMAHY 

A method has been described wWch combines the better features, and elimi- 
nates certain objectionable features, of two Andely used methods of concentrating 
tubercle bacilli. The combined method is simple, rapid, and produces uniformly 
satisfactorj’ results. 

REFERENCE 

1, Ouran, J., AND Rkusseh, T. R.: Rapid method for concentration of tubercle bacillus. 
Am. Rev. Tuberc., 45: 450-452, 1942. 



STAINING TUBERCLE BACILLI IN TISSUE AND SME.AR, 
EI^-IPLOYING AEROSOL O. T. OR SODIUl^I LAURYL SULFATE* 


S. A. TOMASELLO, M.T., and H. ,\LTBACH, Phaemacist 
Prom the Laboratori; Service, Tilton General Hospital, Fori Dix, New Jcrsci/ 

The following modification of the Ziehl-Neelsen stain has been found to be 
rapid and efficient in demonstrating tubercle bacilli in tissue and smears. No 
heat processes are involved and the total time consumed in preparing the slide 
amounts to about eight minutes. The counterstain used, Light Green SF Yel- 
lowish, f does not fade out and has been found to be a relatively peirnanent stain. 
The modified stain can be utilized in preparing 25 slide.c at the same time and is 
not a.s time-consuming as the original stain. 

METHOD 

1 . Deparaffinize sections in the usual manner. 

2. Wash thoroughh' in cold running water. 

3. Stain three minutes in carbol fuchsin containing tv.'o drops of Aerosol 0. 
T.,t 8 per cent aqueous solution or sodium laurj’l sulfate,! 2 per cent in 
each 50 cc. of stain. The Aerosol or sodium laurjd sulfate should be 
added to the stain just before use. 

4. Wash in cold water. 

5. Decolorize in 95 per cent alcohol containing 2 per cent hydrochloric acid 
until pale pink. 

6. Wash in cold water. 

7. Stain with Light Green SF YelioMish (Bvo minutes). 

8. Dehydrate in absolute alcohol (about two minutes). 

9. Deh 3 'drate in absolute alcohol (two minutes). 

10. Clear in method salicjdate (two minutes). 

11. Clear in xjdol (two minutes). 

12. Clear in xy^lol (two minutes). 

13. Mount in Canada balsam. 

REAGE>n-st 

1. Aqueous solution Aerosol 0. T., 8 per cent.. 

2. Aqueous solution sodium lauryl sulfate. 

3. Stock solution phenol, 5 per cent aqueous. 

4. Stock solution basic fuchsin, 10 per cent in 95 per (ent alcohol. 

• Received for publication, September 27, 1946. 

t .Aerosol O. T. may be obtained from the American Cyanamide and Chemical Company, 
New York, N. Y., sodium lauryl sulfate from the E. I. DuPont de Nemours and Company. 
Inc., Wilmington, Del., and Light Green SF Yellowish from the Pharmaceutical L.abor.a- 
tories, National .\nilinc and Chemical Company, Inc., New York, N. V. 
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5. Stock solution Light Green: 

Light Green SF Yellowish 2 gm. 

Glacial acetic acid 1 cc. 

Distilled water, q.s. ad 100 cc. 

STAINING SOLUTIONS 
]. Light Green coimterstain: 

Stock solution 10 cc. 

Glacial acetic acid 2 cc. 

Distilled water, q.s. ad 100 cc. 

2. Carhol fuchsin stain : 

Stock solution basic fuchsin 10 cc. 

5 per cent phenol, aqueous, q.s. ad 100 cc. 



RAPID METHOD OF STAINING TUBERCLE BACILLI WITH 

TERGITOL ^'7* 

THOMAS J. IMORAX, M.D., MERLE L. RADCLIEFE AND IS.ABELLE H. TEFAULT 
From {he Deparlmenl of Pathology, Memorial Hospital, Danville, Virginia 

The use of Tergitol in the rapid staining of the tubercle bacillus has been 
reported by Aluller and ChermockA According to these authors, the method 
described eliminates the use of heat, shortens the staining time, and gives equal or 
better results than the older methods ■without loss of specificity for the acid-fast 
organisms. 

Our method for stahiing direct smears is practically identical with the one re- 
ported, but our method for staining tissue sections is considerabh' shorter. The 
entire process of removing the paraffin, staining, clearing and mounting can be 
completed in less tlian ten minutes. This is approximately twenty-six minutes 
shorter than the method described In’" Zvluller and Chermock. Because of its 
simplicity and the gi'atifying results, we believe the method is worth reporting. 

METHOD 

Our technic in staining direct smears differs from that of iMuller and Chermock 
only in the manner of apphung Tergitol to the stain. The smeare are fixed 
with heat in the usual manner and the slide is covered with IQnyoun’s carbol 
fuchsin (phenol, 8 gm.; fuchsin, 4 gm.; 95 per cent alcohol, 20 cc.; water, 80 cc.). 
One drop of Tergitol ^'7 is added and the cold stain is allowed to remain for one 
minute. The smear is then decolorized in 3 per cent acid alcohol and counter- 
stained with 3 per cent methylene blue for one minute (methylene blue, 3 gm.; 
95 per cent alcohol, 20 cc.; water, 80 cc.). 

1. Our method for staining tissue .sections is as follows: Fix the tissue in 10 per 
cent neutral formalin and dehydrate and clear in successive alcohols and x 3 'lols in 
the usual manner. Embed in paraffin and cut sections from 5 to 10 microns in 
thickne.ss. 

2. Remo-^'e the pai’affin b}' placing in .xjdol for one minute, absolute alcohol for 
one minute and 95 per cent alcohol for one minute. 

3. Flood the slide with Kinyoun’s carbol fuch.sin. 

4. Add one drop of Tergitol 7 and stain without application of heat for one 
minute. 

5. Wash in water. 

G. Decolorize in acid alcohol until the tissue appears clear. This requires two 
or three washings (ten to fifteen seconds). 

* Received for publication, October 23 , 1946. 

t This material was obtained from the Carbide and Carbon Chemicals Corporation, 
Indianapolis, Indiana. “Targitol'’ wetting agent 7 is a 25 per cent aqueous solution of 
the sodium sulfate derivative of 3, 9-diethyltridecanoi— 6. 
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7. Counterstain with 3 percent methylene blue for one minute. (Do not use 
pota.ssium hydroxide in the meth.vlene blue a.s if pvof: a blurred counterstain in 
tissues). 

8. Wash in water. 

9. Dehj'drate in 95 per cent alcohol for one minute and acetone for one minute. 
Clear in xylol for one minute. Mount in clai-ite or balsa'm immediately. 

UESULT.S 

The acid-fast organisms stand out as large, brilliant red, often beaded bacilli 
against a clear blue background. The bacilli appear much larger than they do 
when stained by ordinaiy Ziehl-Neelsen, or Gabbett’s stains. They are readily 
seen under high power, so we now use the high dry lens for routine work. Many 
more organisms arc seen with this method than with any of many modifications 
of the carbol fuchsin stain that ^vc have used. As is usual with tissue sections, 
most of the acid-fast bacilli are .seen in caseous areas. .-V few are seen in giant 
cells. 

The countcistain is excellent. The nuclei of the cells are large, clear, and 
sharply outlined. The cytoplasm is pale, but distinct.. The giant cells arc lai-ge 
and clear. Red blood cells take a pink-orange color, but they cannot be con- 
fused \nth the tubercle bacilli. .As long as the time intervals given in step num- 
ber 2 arc observed, there is no precipitation of stain and there are no red area.s. a.s 
are often seen in other methods. 


Dl.SCUSSlON 

We have been able to demonstrate the organisms with as little a.s five .seconds 
e.xposurc to the stain, but the number of org.anisms seen is reduced and many are 
incompletely stained. With exposure to the stain for one-half minute, the re- 
sults are excellent, but we have establi.shed a routine tina* of one minute to reduce 
the po.ssibility of error. 

We experimented with a method of mixing the carbol fuchsin and Tergitol in 
advance, using one drop to 25 cc. of stain. (Afuller and Chermock used one drop 
to 30 to 40 cc.). This method was succe.«.sful, but the stain begins to lose its 
strength in approximately one week. The j)rocedure is practical only if the stain 
is used within six or seven days after it is made. 

The ra])id Tergitol ^'7 stain ha.s been consistently positive in known positive 
ca.<es with acid-fast bacilli and consistently and unequivocally negative in nega- 
tive controls. In all crises, the number of organisms seen has been far greater 
than with the standard methods of steaming, or cold staining with carbol fuchsin 
for varj'ing jrcriods of time. We have obtained po.siti ve readings in histologically 
positive and histologically doubtful ti.s.sues, when a number of other commonly 
accepted carbol fuchsin stains were all negative. We have not com))arod this 
method with the fluore.^cent meihod.s. 
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SUMMARV 

The method for staining acid-fast bacilli, using Tergitol ^ 7 instead of heat as a 
penetrating agent, has been employed and found to be simple, short and reliable. 
A new method of emplojdng this agent in tissue sections, which shortens the 
staining time and gi\'es excellent results, has been described. This method per- 
mits the use of the high dry objective for routine examination of acid-fast bacilli. 
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STAINIXG OF BACTERIA IN PARAFFIN SECTIONS 

Lillie-Gram Staix for Bacteria and Feexxer Stain for Lepra Bacilli* 

IIUBYE A. J. WILSON, M.T. (A.S.C.P.) 

From (he U. S. Marine Hospital, New Orleans, Louisiana 

Lillie- suggested that heating of the crystal \dolet maj' be required in the Gram 
stain, in order to demonstrate some bacteria. In the method here described, 
this variation in technic is extended to apply to other bacteria including Flexner’s 
stain for lepra bacilli in tissue sections. Tubercle and lepra bacilli and fungi 
stain remarkabN veil with the Lillie-Gram stain, and lepra bacilli very easilj* and 
quickly with the Flexner stain. Any fixation may be used. 

I. LlLLIE-GRAM STAIN FOR B.ICTERIA 

Solulions 

Crustal violet. Cry.«!tal violet, certified, 2 gni.; alcohol, ethyl, U.S.P., 95 per cent, 20.0 
ml.; 1 per cent, ammonium oxalate, c.p., in all-glass distilled water, 80.0 ml. Place into 
chemically clean glas.s-stoppercd bottle, cap with paper, label and date. The crystal violet 
is dis.'solved in the alcohol at the time the solution is made. Most dyes that have stood in an 
alcoholic solution for some months precipitate and lose some of their staining properties. 
The stain is filtered as it is replaced in the <lropping bottle. This solution is quite stable 
and 500 ml. is adequate for routine work. 

Lugol’s solution (formula for the Oram awl Flexner stains for lepra baeilli only). Iodine 
cry.stal.s. c.p., 1.0 gm.; potassium iodide, c.p., 2.0 gm.; tap water, 100.0 ml. .^dd 3.0 gtn. of 
sodium bicarbonate to each 100.0 ml. of Lugol’s solution to silkalinizc the solution to pre- 
vent the bacilli from decolorizing. 

Liigol’s solution (formula for routine us:e). Iodine crystals, c.p., 1,0 gm.; pot.'issium 
iodide, c.j)., 2.0 gin.; water, distilled, 103.0 ml.; add 0.2 ml. of a saturated solution of sodium 
bicarbonate made in tiif) water to each 100.0 ml. of Lugol’s solution. It is well to have two 
biutles for each formula so that there will be a batch read.v when nee.lcd. The same is con- 
venient for the crystal violet. The bicarbonate causes the section to retain the blue stain, 
but docs not rctiuire as much when the crystal violet has aged for some. time. Two volumes 
of 250.0 ml. each is ade.'iuate for routine work. 

Stifranin. fiafranin O, certified, 0.5 gm.; all-glns.s ilistilled water, 103.0 ml. Place into a 
chemically clean glass-stojrpered bottle, cajr with paper, label and date. vplumc of 
250.0 mi, is aderiuate for routine work. A 0.25 percent aqueous solution is used for contrast 
staining only. 

.Irt'fOfu'. .Acetone c.p. or analytical quality. 

The. sections may be cut from 5 to S or more microns iit thickness. 

1. Remove paraffin and prccipitatc.s, if ncccs.-^aiy, and bring to water. 

2. Hold the slid<‘ with a pair of forceps and apply the cry.stal violet with a drojt/.'ing 
bottle, prcfenibly with a medicine dropper. Pass back and forth over the flame of a 
micro-burner about five iimc.s, or until the solution begins to .«team; then let cool for five 
seconds. 

3. Without washing, aiqily the Lugol’.s solution from a ilro])i>ing bottle to the slide, 
washing the cry.stal violet off with it, 

•1. Without washing, afiply the acetone from a dropjiing bottle, to decolorize super- 
ficially and v.iLsh in water. .Apply more LugoPs .solution, for five secoml.s, to the film of 

* Received for publication, .lunc 22, 1910, 
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cp-stal \nolet left on the section and decolorize again with acetone and wash in water. If 
the section retains much of the blue stain, apply the Lugol's solution longer, decolorize and 
ash again. The section should be cleared of the blue color each time before repeating the 
staining procedure. 

5. Repeat steps 2, 3 and 4 two more times. After three times, the sections \rill have been 
stained completely. Examine under the low power of the microscope. If the nuclei and 
other elements retain the blue stain, apply more Lugol’s solution to the section for one-half 
minute, and apply more acetone and wash in water. The bacteria will not decolorize. 
.As the user of this stain becomes familiar with it, he will find it eas}'' to control the de- 
colorization without rcj)eated application of the Lugol’s solution to remove the excess stain. 

G. .Apply safranin from a dropping bott le, for from one-half to five minutes, depending on 
whether gram-negative bacteria are to be demonstrated. One-half minute is required for 
contrast st aining onh', five minutes for staining gram-negative bacteria. Wash in water. 

I . .A.pph' Lugol’s solution to the stain evenly and quickly and wash in water. 

S. Dehydrate with acetone and clear with xylol. Clean the slide around the section and 
on the under surface and repeat the dehydrating process with acetone, and the clearing with 
xj'lol. It is well to hold the slide in a horizontal position when applying the acetone, and to 
tilt the slide slighth' to apph* the .x 3 'lol in such a manner as to wash the acetone off the slide 
with the xj'lol. The procedure should be done quickh-. 

9. Mount in clarite or similar mounting medium. 

RESULTS 

The gram-positive organisms are blue-black; gram-negative organisms, red; 
nuclei, clearly red vith a pink background. 

DISCUSSION 

In the application of heat in the staining of organi.sms in tissues, it was found 
that repeating the .staining with crystal violet and Lugol’s solution with subse- 
quent decolorization with acetone insures staining and enhances the demonstra- 
tion of morphologic characteiistics of gram-positive organisms. Gram-negative 
organisms may be stained by leaving a film of Lugol’s solution on the slide after 
the la.«t application of crystal -^dolet, washing the slide in watej-, applying safranin 
for fifteen seconds, then acetone, and quickly following with a rapid application of 
.xylol. With the film of Lugol’s solution on the .section, the safranin is prevented 
from staining the section diffusely, and it stains only the elements for which it has 
the greate.st affinity. 

II. FLEX.NER STAIN FOR LEPRA IIACILLI 

Sohilions 

Ziehl-Xcelscn\s carhul Juchsin. Basic fuchsin, certified, 0.6 gm. dissolved in 10.0 ml. of 95 
per cent ethvl alcohol, U.S.P.; 5 per cent carbolic acid in all-glass distilled water, 90.0 ml. 
Eiltcr fnot essential) into a 100.0 ml. chemicall.v clean dropping bottle; label and date. The 
basic fuchsin dye is dissolved at the time the stain is made up. Do not prepare more stain 
than that required for a period of two months, as after that time, the stain should be dis- 
carded. Freshness of this stain is essential for success. If a stronger stain is de3ired.;0.2 
gm. of basic fuchsin dve ma^' be added to 100.0 ml. of carbol fuchsin after it is made up, this 
stronger stain is better for the regular acid-fast method, but not for the Flexner stain, since 
it is more difficult to decolorize. 

LngoVs sohilion. The formula is the same as that used in the Lillie-Gram method. It is 
belie%^ed essential, however, to add sodium bicarbonate to this solution and that it be made 
with tap water. 
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Toluidine blue 0. Toluidinc blue O, certified, 0.5 gm.; 20 percent ethj'l alcohol, U.S.P,, 
in all-glass distilled water; 0.5 ml. of glacial acetic acid. 

Add alcohol. Hydrochloric acid, e.p>, concentrated, 1.0 ml.; 70 per cent ethj'l alcohol, 
U.S.P., 99.0 ml. 

Acetone. Acetone c.p. or analytical. 

1-5. The technic is similar to steps I to 5 of the Lillic-Gram stain given above, c.xcept that 
in step 2, instead of crj'stal violet, Ziehl-Necisen’s carbol fuchsin is used and, after the 
staining begins, a few (Irops of cold carbol fuchsin are added, and the slide is allowed to 
.“^tand one minute. 

0. -Applj' the toluidinc blue 0-acetic acid solution for fifteen seconds. 

7. Do not wash; dehydrate with acetone; clear with xylol. Clean the slide around the 
section and under surface, apply acetone and xj’lol again. Mount, in clarite, or similar 
mounting medium. 

8. Before applj'ing the counterstain, acid alcohol maj' be applied to the section to test 
for acid-fastness or to remove more of the carbol fuchsin if desired; wash in water. 

RESULTS 

Jxjpra bacilli are brilliant red and other bacteria are blue. Nuclei arc blue 
with a lighter blue background. Gram-negative bacteria show clearly with this 
.stain. 


DISCUSSION 

The lepra bacilli stain distinctly vith one application of stain. It is well to run 
test slides of each series of sections to determine the technic pieferred. The 
carbol fuchsin may be applied once for five minutes after the preliminarj' heating 
and the section.^ decolorized as in steps 3 and 4. Repeated heating of the carbol 
fuchsin causes the section to retain the stain so that it is necessary to apply more 
of the Lugol’s solution and acetone with washing in water to obtain adequate 
dccolorization. Test slides may be made with the decolorizing step to determine 
the depth of color of carbol fuchsin over which the toluidine blue will stain. 
Even though the color of the carbol fuchsin is rather intense, the toluidine blue 
replaces most of it and the lepra bacilli are stained more intensely. 

.An acidified toluidine blue 0 was used becau.se acetone, in dehydrating, docs 
not differentiate the stain a.s does ethyl alcohol. 

1 . M. J., .\.Miua;u, J. .\M) (iTiiiats: Biological Stains; .\ liatnibonk on the Nature 
ami Uses of the JJyc.s Kmploycd in the Biological haboralory. Bd. 4. Revised with 
the Rs.sistancc of .1. T, Scanlan, Anis P. Bradshaw, and Mnrj' .V. Darrow and Members 
of the Executive Committee of the Commission on Standardization of Biological 
Stains. Geneva, New York: Biotech Publications, 30S 1940, ppl 

2. Ltt-Ut:, R. D.: Gram .stain; quick method forstaininggram-positivo organisms in tis.sucs. 

Arch of Path., 6: 828-8,34. 1928. 

3. MALLony, F. B.; Pathologic Technique: Practical .Manual for Workers in Pathological 

llistologj- Including Directions for the Performance of .Autop.sies and for Micro- 
photography. Philadelphia; W, B. Saunders Companj', 193-8, pp. 270-277, p. 91. 



AN ADAPTER FOR BACTERIAL FILTERS* 

E. M. ABR.mAMSON, AI.D. 

Prom the Jewish Hospital, Brooklyn, N. Y. 

The sterile preparation of serums and other thermoiabile solutions requires 
passage through a Berkefeld candle, Seitz, or sintered glass filter. Usually, the 


FILTER 



PUMP 


Fig. 1. Di.\gk.\.\i ok Auaptkr Showjxg Akk.\xgemext of Ixxer Tube 


mechanism that is set up in the laboratory* demands the close attention of the 
operator until the veiy sIoav filtration is completed. This is inefficient, since it 
requires the ser\*ices of a highly trained technician for a long time. WTien sizable 
amoimts of solution are to be prepared, entire •working day^s may be consumed. 

In order to obviate this costly* procedure, an adapter vas de-s-ised to carry out 
the filtration with a minimum of attention. Adapters now in use are faulty in 
that the filtrate passes through the delivery* tube countercurrent to the air which 

Received for publication, August 14, 1946. 
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is being exhausted from the receiver. With senim and other viscous solutions, 
there is unde.sirable frothing in the adapter and significant amounts of tlie solu- 
tion are entrained in tlic air stream and are swept into the tube connected with 
the pump. Suction must be maintained throughout tlie filtration, since failure in 
water pressure might, result in contamination of the filtrate with water retumed 
from the pump. The apparatus to be described avoids all these objections. 



\ 

% 

Receiver 

Fin. 2. .NDArTKi! i.v l’iisiTi<;.v i.v .VssKMni.Kri Arr.\n\Ti.’.s 


The adajitcr (pmpared by Eimcr and Amend of Xew York City), .shown in 
I’igure.s 1 and 2. consists of a Pyrox gla.ss tulie. one end of which measure.s 25 mm. 
in diameter, while the other nica.snres 15 mm. in diameter. The Seitz filler is 
fitted through a Xo. (> rubber .stopiwr into the wider erul of (he adapter, while the 
narrower end passes through a rubber stojiper into the mouth of a receiving bot- 
tle. The narrower end of ilu' adajiter contains an inner ghis.s tube. Cue end of 
this inner tube terminates as a hole in the wall of tin* outer tulxi where it com- 
municates with the interior of the meeiving bottle ju.st beneath the ruliber stop- 
per. Just above the nibber.stopperoul.ddeof the receiving bottle, the inner tube 
pa.s.«es at right angles through the sealed wail of the outer tidie. 'J lie inner tube 
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then continues as a side tube, and communicates with a trap bj' means of a con- 
necting piece of nibber pressure hose. A check valve is fitted into the side tube 
between the receiving bottle and the nibber hose (Fig. 2). When the air is ex- 
hausted from the receiving bottle, it leaves the latter through the inner tube and 
so avoids contact with the filtrate coming down through the outer tube of the 
adapter. 

The Seitz filter is inserted into the mouth of the adapter through a rubber stop- 
per; a piece of pressure tubing is connected to the end of the side tube, and the 
apparatus is then sterilized in the autoclave. The free end of the pressure tube is 
connected to a filtering flask which serves as a water trap and leads to the pump. 
The solution to be filtered is placed in a container ha\'ing the same capacity as the 
receiving bottle. This container is supported with its neck down and its mouth 
is inserted into the Seitz filter. It is convenient to have the mouth of the con- 
tainer fitted with a screw cap. Tliis is first loosened so that it is held by but one 
turn of the thread and the cap is removed after the bottle is in place (Fig. 2). 
The suction is turned on for about fifteen minutes and then suddenly turned off. 
The check valve closes immediately, maintaining the vacuum in the receiver. 
Any water tliat might be aspirated from the pump is caught in the trap and the 
rest of the apparatus is protected against contamination. The fluid is dra\\Ti 
into the recehing bottle and, as the level in the mouth of the Seitz filter falls, the 
water seal at the mouth of the container is broken and more of the fluid flows into 
the filter until the seal is re-established. This alternating process then continues 
until the vacuum is broken after all of the liquid has left the bottle. Since no 
active pumping is necessary* once the vacuum has been established, the apparatus 
requires no further attention and may be permitted to mn overnight. F sually, 
the entire contents of the bottle vill pass into the receiver during tliis period and 
all the operator has to do in the morning is to remove the adapter from the re- 
ceiver and replace it \\ith a sterile stopper. 



STAINING OF ELASTIC TISSUE BY FUCHSIN-SULFUROUS ACID 

VaRLVBIUTY IN' DiPjPERENT SpECIES* 

ROBERT SCHREK, and W. L. iIcNAMARA, Lt. Col., MC, AUS 

Prom the Tumor Research Unit and the Clinical Laboratory Center, Veterans 
Administration, Hines, Illinois 

Tills paper reports a difference in staining property of elastic tissue of different 
species of animals to fuchsin-sulfurous acid or Schiff’s reagent (basic fuchsin re- 
duced by sulfurous acid). 

Reduced fuchsin reacts 'tt'ith aldehydes in the test tube and in tissue sections to 
form a magenta colored compound.^ In Feulgen’s method for staining nuclei of 
cells, the sections arc fimt hydrolyzed with hydrochloric acid. This treatment 
releases a pentose from tlijunonucleic acid in the nuclei and the pentose reacts 
with Schiff’s reagent. Bauer’s method for staining glycogen and other polj'sac- 
charides consists of treating the tissue or sections with chromic acid and then 
staining the oxidized products with Schiff’s compound. Eiddently, reduced 
basic fuclisin is a valuable reagent for histochemical studies on sections of tissue. 

Although little is known about the chemical constitution of elastic tissue, two 
chemical properties have been discovered and found useful.^ These properties 
are: (1) its rc.«istance to the action of acid; and (2) its capacity to reduce ferric 
chloride and other compounds. 

The customar}' methods of staining elastic tissue are by Weigert’s resorcin- 
fuclisin and by Taenzer-Unna’s orcein stain.'* By these methods, a difference 
in staining of elastic tissue has been observed in different species of animals. 
Lower animals have an clastic-like tissue which does not take Weigert's stain. 
In higher vertebrates and in man, the elastic fibei’s can be stained by both 
methods. 

Wliile working with Fculgen’s stain on rabbit ti.ssue in this laboratorj', it 'was 
ob.servcd that the elastic tilx:rs in arterioles were stained. It was thought that 
this method would be useful for routine pathologic work but, unfortunately, 
human ohastic tis.‘;ue i.s not stained by the reduced fuchi^in. 

On reviewing the literature, it was found that Fculgcn and Voit,® Voss,’ 
Udietto' and Bujard’ have reported on the st. 'lining of cla.stic fibers b^' Schiff’s 
reagent. V'oss al.«o reported that Feulgen’s method stained the ela.stic tis.sue of 
the nibbit, sheep, cow .and horse, hut not that of man, dog and cat. 

The method is similar to tliosi* described by Mct^lung^ for staining .sections of 
ti-ssue for thymonucleoprotein. The tis.sue is fi.xed from twidvc to twenty-four 

• Published with the jicmission of the Chief Medical Director, Depurtnioiil of Medicine 
and Surger}', Vctcran.s Adniinistnition, ivho aesuinc.s no responsibility for the cpinion.s cx- 
pro.sscd or tf)P conclu.sinns drawn by the authors. Received for publication, July 2. KtlO. 
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houre in acidified mercuric chloride (6 per cent mercuric chloride, 98 parts; 
glacial acetic acid, 2 parts). It is then imbedded in paraffin and sectioned. The 
slides are carried through xylol, alcohol, water, LiigoPs solution and 5 per cent 
sodium thiosulfate. One section is hydrolj^zed for five minutes in N/1 h^-dro- 
chloric acid at 60 C. and then stained from sixty to ninety minutes in Schiff’s 
reagent (0.5 per cent basic fuchsin, 200 cc.; N/1 hydrochloric acid, 20 cc.; sodium 
sulfite, 1 gm.). Another section is stained directly without preliminary" hydrolj"- 
sis. The e.xcess reagent is washed three times with sulfurous acid (10 per cent 
sodium sulfite, 10 cc.; N/1 hydrochloric acid, 10 cc.; water, 200 cc.) and then in 
water. If desired, the sections may then be counterstained vith fast green FCF 
(0.5 per cent in 95 per cent ethyl alcohol).- 

observations 

Sections of aorta, spleen, lung and other organs of the rabbit and rat were 
treated by the above methods. Fibem, wliich were apparenth" elastic fibers, 
stained purple, both in the sections subjected to hy^drolj'sis and in those not 
hydrolyzed. Figure 1 shows the laj'ers of elastic tissue in the intima and media 
of the aorta of a rabbit. In Figure 2, the spleen of a rat is seen to have many 
delicate and coarse fibers in the capsule and trabeculae. In the alveolar walls of 
the lung, delicate fibrils can be demonstrated b}* Schiff’s reagent. The arterioles 
in sections of various organs have a layer of elastic fibers in the intima. The re- 
duced fuchsin was found to stain the elastic fibers in tissue derived from the rat, 
rabbit, guinea pig, chicken and cow. 

Elastic fibers in tissue obtained from human postmortem and operative mate- 
rial failed to stain with Schiff’s reagent with, or without, preliminar}' hydrolysis. 
The nuclei of the cells, hoA\-ever, stained well with the reagent after hydroly^sis. 
In Figure 3, an arter>' from a man’s amputated arm shows nuclei which are well 
stained -n-ith the reagent, but the internal and e.xtemal elastic membranes and a 
layer of elastic tissue in the media are not stained. 

DISCUSSION 

In general, Schiff’s reagent is not reliable for the demonstration of elastic fibers, 
since even optimal re.sults with this reagent are inferior to those obtained with the 
stains routinely u.sed for elastic tis.sue. The fuchsin -sulfurous acid is, ho'v^ever, 
useful in studying the chemistry of elastic tissue. The present observations 
raise two Questions ; hat is the compound in elastic tissue v hich reacts with 
Schiff’s reagent? In what way does the elastic fibers of man differ from those of 
the animals tested? Our present knowledge of the chemistry' of elastic tissue 
seems inadequate to answer the.se questions. 


SUMM-XRY 

Fuchsin-sulfurous acid, or Schiff’s reagent, readily stained the elastic tissue of 
the rabbit, rat, guinea pig, chicken and cow, but not the elastic tissue of man. 
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Fig. 1, .Aonr.t ok R.AimtT, St.mn'ei) with FtcHsix-Sri.Krnous .\ciu akteu 
IlYunoi.v.srs WITH IIvnuofMii.onic .Acin 

The clastic tissue in the intiina and media and the nuclei of the smooth muscle 

cells are well stained. X450. ' 

Fig. 2. Ski-een of Rat, .Stained with FrcnsiN-.St’LKi nors .Ann withoet 

Pn n ni mi . v a n v H v» no i. v.<i s 

Elastic fibers in the capsule and trabeculae are stained. The nuclei of the splenic 
cells are unstained in the section, although in the photograph some 
nuclei appear dark. X 450. 

Fig. 3. Bn.tciiiAi. .Aiiterv ok Man, Starved with Fuch.si.v-Sudfhrous Acid .viteu 

IIVDROIASIS WITH HYDROCHLORIC AciD 

Nuclei of colls in the intima and media are well stained. Two layers of clastic 
tissues are translucent and are not stained. X450. 
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NEWS AND NOTICES 


Following is a list of registered Medical Technologists whoso present addresses are un- 
known in the Registry office. Because of lack of space the last known full address is not 
given. Any information regarding the complete present address of any of the following 
registrants will be gratefullj’ received. 


Alabama 

Mullins, Mrs. Dorothy Stebbins, Anniston 
.‘lrfco?!a 

Bayless, Mrs. Donalda Marjorie, Bisbee 
Warren, Mrs. Betty Smith, Phoenix 

Arkansas 

Bankston, Mrs. Ruth A., Little Rock 
Brooks, islrs. Catherine Aldrich, Hope 
Downing, Mrs. Carmen M., Little Rock 
Kersbergen, let Ll. Garrett, Hot Springs 

California 

Bcigler, Mrs. Ann B., Camp Cooke 
Bourne, Mrs. Charlotte M., Los .Angeles 
Buchanan, Miss Dorothy R., Claremont 
Cameron, .Miss Cameron E., Pacific Grove 
Cameron, Mrs. Evelyn S., Mill Valley 
Cooper, Mr. 1/ynn, Marc Lsland 
Corbett, Mis.s* Winifred .\nn, Los Angeles 
Corey, Mi.ss Dorotliy L., San Francisco 
Dudley, Mrs. Annie Sophia, San Francisco 
Englund, Miss Janet 1\I., Palm Springs 
Fischman, T/3 Leonard Allen, San Fran- 
cisco 

Frasier, Mrs. Elsie F., Long Bench 
Fullenwider, H.Vlc Eleanor J., San Diego 
Fu.sen, Mrs. .Mary D., Long Beach 
Garcia, Misis Peggy .Xnn. Berkclc}- 
Gray, .Slis.s Verni.s A., Los Angeles 
Greany, .Mr. W. C.. Hayward 
Gretsscr, Mrs. Elizabeth 0.. Palo .\Ito 
Greenwood, ^^rs. La^'orne IL, Oakland 
Uard,2ud Lt. ELsie Si,, San Pedro 
Hodges, Mrs. Harriet E. Case, Beverly Hill.s 
Huttcr, Mrs. Janet Kay, San Francisco 
J.arvis, I’hM Edward C., San Francisco 
Juutcnon, Miss Toinie Ann, San Francisco 
Kimball, IMiss Carol Patricia, Lo.s .\ngelo.*i 
Lcttieri, Lt. .\rnrie G., Oakland 
Macia.s, .Mr. Moi.‘=e A., San Francisco 
.\i.axwcil, ^frs. Puth L., Plaza Del Rev 
^lillcr, Mrs. Mary Ward, Long Beacli 
Mitchell. Mrs. Jane Spalsbury, Long Beach 
P.almcr, Mrs. Polly, Richmoiui 
Pendleton, Ph.M3/c Ellen Brown, Oceanside 
Pc.«^s, Mrs. Anne R., Long Beach 
Ritter, Pvt. Robert A., San Francisco 
Russell, Margaret Brower, Modesto 
Santo, ^Irs. Nell Davis, San Jo.se 
Schafer, Mrs. Imogcnc R., .San Diego 
Schlichting, Lt.fjg) Virginia .May. San 
Franci.sco 

.Semcr, Tkirs. Mary R., Oxnard 
Simmon.s. Mrs. .Mary W., San Franci.sco 


Sims, Mrs. Marie Hoag, San Francisco 
Smith, Miss Wilma M., Berkeley 
Teplow, CPhM .‘Hexander, Berkeley 
lyewatha, Capt. Russell, San Francisco 
Urcen, l^Iiss Helen Janet, San Francisco 
Van Sicklin, Mrs. Dorothj' W., San Diego 
Westre, Mrs. Gail, San Diego 
White, Miss Virginia Ijce, Los Angeles 
Wolfe, Mr. Sidney S., Los .\ngeles 
Womack, Mr. Albert Daniel, O.akland 
Wydde, Mrs. Paxine F., Los Angeles 
Young, PliMl/c Kay F., San Francisco 

Colorado 

Bates, Mrs. Betty Ilarv'cy, Denver 
Boyington, Miss Jean Mac, Denver 
Braxmeier, .Miss Ludmilla, Denver 

Florida 

Bayard, Miss .\nna, Miami 
Crowson, Mrs. Sara H., Fort Lauderdale 
De.'Vrmas, Mr. Charles, Tampa 
Hickman, Miss Margaret Elizabeth, Miami 
Horn, Mrs. Ruth E. Johnson, Jacksonville 
Howe, Mr. Maurice C., TnnH)a 
Lamb, Pvt. Catherine D., Camp RIanding 
Martin, Mrs. I.aurabol G., Pensacola 
Merideth, Mi.s.s Ann Meyers. .Miami 
Meltzer, .Mrs. Ruth Hae. Miami 
.Miller, .Mi.ss .Sara Gordon Elizabeth, Jack- 
sonville 

Xiece, Mi.«s Mary Helen, Pensacola 
Pierce, PhM3/c .-Xrinie L., .Milton 
Pifer, .Mis.s Marjorie L., .Miami 
Powers, .Miss Lowaync .Marie, Pon.Hacola 
Shafer, Lt. Mclb.a Tallah.a.ssce 
Theige, Mi.ss Grace Brynliildc, Tampa 
Young, Lt.tjg) Ruth Vivian, Miami 

Georgia 

Baumstark, Miss Dorothy E., .\vondale 
Estatc.s 

Blalock, Mr.s. .lean W., .Atlanta 
Harper, Mrs. Margaret Z., .\ugu.sta 
llilsman, Mr.s. Marion W., Hampton 
Korst, Mi.'-s Elizabeth H., llruory University 
McKnight, Mr.s. Ida llarri.M, Decatur 
.Miner, .Mrs. Margaret Earnhart, Columbus 
Newhard, Mr.s. Ivah, Bo.ssville 
Selser, Mr.s. Fraiice.s G., Moultrie 

Idaho 
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Numerous methods for the assay of penicillin have been suggested, and somehave 
been modified.* • ® . is , it , 22 . 23 . 2 s . ss , 28-31 ygj^r multiplicity of these 

methods and the complexity of the modifications indicate that none of them is 
entirely satisfactor 3 ^ The greatest difficulty lies in the fact that results by all 
of them are grossty inaccurate. The best methods give an accuracy of plus or 
minus 20 per cent vrhen manj’- replicate determinations are averaged and many 
of the micromethods and serial dilution-technics give errors of plus or minus 
100 per cent. Furthermore, aU require time consuming manipulations and most 
of them require the determination of the acti\ity of several knovn concentra- 
tions of penicillin for each unknown studied. 

The technic outlined in this article is the result of investigations undertaken 
to obidate some of these difficulties. The principles involved, the mathematic 
on which they are based, and the modifications of the method for special pur- 
poses, as well as more detailed observations on certain phases of penicillin ac- 
tivity are described extensively in another paper.^® 

In brief, the principle of the method is based upon two observations. First, 
if a broth culture of Staphylococcus aureus and a penicillin-containing culture of 
the same organism are observed during a period when their groivth curves make 
a straight line, the tangent of the angle which the line of the penicillin-containing 
culture makes with the line of the control culture is proportional to the concen- 
tration of the penicillin. Second, after an interval of five to thirty hours, the 
difference in turbidities between the control and the penicillin-containing culture 
will be proportional to the square root of the concentration of the penicillin. 

These two facts make it possible to check results by two methods, or either 
ma 3 * be used alone. Such calculations can be simplified by the use of nomo- 
graphs (Figs. 1 to 4). At the end of two and one-half hours, results calculated 
hy method 1^® will givH an accuracj' of plus or minus 10 per cent and, nomo- 
graphicaUy determined, an accuracy of plus or minus 25 per cent. Earner 


* Aided by a grant from John C. Higgins. The penicillin and streptomycin used were 
made available by the Food and Drug Administration of the Federal Security Agency, E. R. 
Squibb’ and Sons, The Upjohn Company and the Abbott Laboratories. The trivalent 
organic arsenicals were supplied by the Abbott Laboratories. Received for publication, 
September 30, 1946. 
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Fig. 1. Nomograph* for use with method 1. Stretch a black thread from the value for 
C iu the control culture on the left liand side to the value of K or V in the culture containing 
the antibacterial agent, and record the value of T at the point of intersection with the 
diagonal line for the known and each of the unknowns. Use these with nomograph 2. The 
T line may be e.vtcnded further and marked with equal divisions, if desired. 

T = 100 X the tangent of the angle between the growth curve of the control culture and 
that of the culture containing the antibacterial agent. _ , . , lon- 

* Additional copies of the nomographs may be obtained from the Arcady Press, 13uo 
S. W. 12th Street, Portland 5, Oregon. 
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readings at one and one-half to two hours wll give a fair approximation of the 
penicillin content with an accurac3^ of plus or minus 35 per cent. 

This degree of accuracy- is for concentrations of penicillin betw^een 0.01 -and 

0.06 units per ml. in the final o.O ml. used in the test, but plus or minus 100 per 
cent accuracj^ is attained at the exiremes of the useful range between 0.1 and 0.2 
units per ml. and 0.0005 and 0.005 units per ml. It is desirable to dilute the 
unknowns or to use more than 0.5 ml. of the test fluid when the expected con- 
centration in the undiluted specimen falls outside the range of 0.1 to 0.6 units 
per ml. 

]Method 1 gives results within two and one-half hours and may be used with 
unsterile material. Method 2 is simpler. Both maj' be done on the same sample 
with little additional manipulation and somewhat increased accuracj^. 

2vo great amount of technical skill or time is required for the test. The photo- 
electric colorimeter readings require only about ten seconds each. The equip- 
ment and materials used are available in most clinical laboratories. Twent}’’ 
to 40 unknowns maj' be determined from one control and one known. All 
transfers are with syringe and needle through vaccine rial caps. Procedures 
for determinations on blood serum, solutions, urine, and body fluids are given 
below’, but adaptations for testing the penicillin sensitivity of organisms, test- 
ing other antibiotics, and for other purposes will he obrious.’® 


JLA.TERIALS NEEDED , 

1. A Elett-Summerson* or other photo-electric colorimeter. A 66 filter is used* 
This filter transmits red and j-ellow light well, giving a low* blank reading which 
is little affected bj* the \'ellow colors of the medium, of the penicillin solution, and 
of blood serum, or bj’ the reds in slightty hemotyzed serum. 

2. Sets of matched colorimeter tubes. These are cleaned, drj’ sterilized, and 
capped with sterile vaccine stoppei's. Thej’’ should all read 0 at the same ad- 
justment when thej’’ are filled with distilled water and should all give identical 
readings when thev" contain the same solution, reading 150 to 250, such as 
1:200 acid hematin'^ read Avith the 540 filter or a copper sulphate solution read 
with the 660 filter. 

3. A 37 C. water bath, with suitable plastic or wooden racks, as metal racks 
maj' scratch the tubes. This should be set near the colorimeter. If method 2 
alone is used, an incubator is satisfactory. 

4. An ice water bath in the refrigerator for the test culture and the dilute 
penicillin solutions. 


* Ob\iously, any photo-electric colorimeter may be used. The Klett-Summerson instru- 
ment was selected because of the logarithmic scale which obviates the necessity of transpos- 
ing galvanometer readings to logarithms and because of the convenient size and shape of 
the tubes! To convert readings in per cent transmission (T) as obtained on other photo- 
electric colorimeters to the corresponding Klett-Summerson readings {R), use the formula 


6 GOO 

R = (2.000 — logioT) X ~ — , when D equals the internal diameter of the tube in mm. 


D 
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Fig. 2. Nomograph for determining the concentration of antibacterial agents bj' method 
1, from the values of T determined from nomograph 1. Stretch a black thread from the 
value of T for the known to the value of T for each unknown, and read the concentration of 
penicillin or streptomycin in the unknowns directly, if the known contains 0.04 units of peni- 
cillin or 1.0 unit of streptomycin. If the known contains a different concentration than this 
or for other antibacterial agents, multiply the concentration in the known by the multiplica- 
tion factor which is the same as the streptomj'cin value for 1.0 unit per ml., as read from the 
nomograph, to get the concentration of the unknown in the broth culture. For example, if 
a neoarsphenamine known was used, containing 1.5 micrograms per ml., and the thread for 
the unknown crossed the diagonal line at 2, the unknown contained 2 X 1.5 = 3 micrograms 
per ml. in the final broth culture. 
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5. A number of Luer sjuinges of 5, 10 ml. and tuberculin size, and needles of 19 
to 23 gauge. The sjoinges are uTapped in paper and the needles are put in 
constricted test tubes which are sterilized by di^* heat. 

0. A 20-gauge needle ^vith cotton plug in the hub. This is sterilized and used 
to permit egress of air when fluid is being forced into the tubes and vials. 

7. A dropping bottle containing 70 per cent alcohol. The rubber stoppers 
are always punctured through a drop of alcohol. 

8. Sterile 0.85 per cent sodium chloride. This is kept in large bottles which are 
stoppered \vith vaccine caps. Vaccine \dals containing 9, 4, and 3 ml. are pre- 
pared from these for making serial dilutions. 

9. Standard penicillin solutions. Onh’’ one known is necessary, and a final 
concentration of 0.04 units per ml. will give the best results under the conditions 
of the test. 

The standard can be convenient!}' prepared from the penicillin the patient is 
receh'ing or from standard ci^'-stalline sodium penicillin-' which corresponds to 
1667 units per mg. Sterile dilutions are prepared in the physiologic saline in the 
vaccine vnals. A stock solution containing 10 units per ml. will keep in the ice 
bath for about one week. From this, a dilution to contain 0.4 units per ml. 
is made for use in the test. 

10. The test culture. A strain of Staphylococcus aureus isolated in this labora- 
tor}’- has given the most satisfactor}'- results by this method. It is a coagulase- 
positive, strongly hemoI}dic organism, equally susceptible to F and to G penicillin 
and is known as the Oregon J strain. It can be obtained by application to the 
American T}’pe Culture Collection* for number 9801, or the National Collection 
of T^iie Culturesf for number 6982. The Oregon J strain wU grow to higher 
turbidities, sta}^ in the straight line phase of growth longer, and- give good results 
vith a wider range of penicillin concentrations than either the Oxford H strain 
or the Food and Drug Administration strain 209 P. These two strains can be 
used with this method, however, if concentrations of penicillin below 0.01 units 
per ml. are to be e.xpected and a standard of 0.2, the concentration recommended 
for the Oregon J strain, is used. 

Bacto-ti^^ptose phosphate broth is the culture medium recommended. Hart- 
ley broth, yeast broth, ordinal}' nutrient broth, or the s}Tithetic medium sug- 
gested by Rantz and Kirby -’ "may be used but are less satisfactoi}'. 

The broth is prepared according to directions in the Difco Manual and stored 
in vials containing 25, 50 and 100 ml. amounts, which are capped vith rubber 
■\dal caps. Each new lot of broth should be read in the photo-electric colorimeter 
and the results recorded as the broth blank. Readings -will usually fall between 
6 and 11. 

To prepare the culture for use, 5 ml. amounts of a one to three hour broth cul- 
ture are seeded into 50 to 100 ml. or more of the warmed tr3'ptose-phosphate 
broth. This is incubated for one to one and one-half hours, at which time 5 
ml. is vithdravm and put into a colorimeter tube in the water bath. Readings 

* Georgeto-wn University, Washington, D. C. 

t The Lister Institute, London, England. 
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Fio. 3. Nomograph for determination of the penicillin concentration by use of method 
2. Read the concentration directly at the intersection of a thread from C — K for the 
known and C — U for the unknown with the diagonal line, if a 0.04 unit per ml. known was 
used. If another concentration was used as a known, use the multiplication factor times 
the concentration of the known. For example, if a known of 0.02 micrograms per ml. of 
crystalline sodium penicillin was used and the multiplication factor is 3, the unknown con- 
tained 3 X 0.02 or 0.06 micrograms per ml. or 3 X 0.0333 or 0.1 unit per ml. 

are made every ten to fifteen minutes until the reading after subtracting the broth 
blank is between 12 and 18, ideally 15, corresponding to a colonj' count of about 
300 million per ml. One point on the dial represents a colony count of 20 million 
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Fig. 4. Nomograph for determination of antibacterial substances other than penicil- 
lin by method 2, suitable for streptomycin neoarsphenamine, other trivalent organic arsen- 
icals^ or antibacterial agents in'^vhich reading C — reading K or U is directlj' proportional 
to the concentration. Stretch a thread from the value of C — K, for the known, in the left 
hand column to the value of C — U in the right hand column, and read the concentration 
of streptomycin directly, if the 10 unit per ml. known was used, as recommended. If a 
standard of a different strength for streptomj'cin was used or if testing a trivalent organic 
arsenical or another antibiotic, use the multiplication factors. iSIultiph' the %'alue of the 
known .v the multiplication factor for each unknown to get the concentration in the 
broth culture of that unknown. For example, if a 0.75 microgram per ml. known was 
used for a mapharsen determination and the multiplication factor for the unknown is 0.2, 
the concentration of mapharsen in the unkno^vn is 0.2 X 0.75 or 0.15 micrograms per ml. 
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per ml. 'WTien this reading i.s obtained=^ the stock culture is transferred to the 
ice bath where it will keep for several dai's without appreciable change. The 
tube is left in the bath for one iiour and reread. If the readings at the beginning 
and end of the hour do not differ by 30 points or more, make subcultures eveiy 
two to four hours until rapid gi-owlh is reestablished, or tiy a different lot of 
BactO'tryptose phosphate broth. 


PROCEDURE 

All substances to be tested should be collected, using aseptic technic, refriger- 
ated, and determinations run as soon as practicable. For method 1, unknowns 
need not be sterile. For method 2, grossly infected unknown material should 
be sterilized by Seitz filtration. Record the time, preferably thirty to sixty 
minutes after the last dose of penicillin was administered and, for urine, the time 
after the last voiding. 

Arrange a series of matched sterile colorimeter tubes and number them. Tube 
1 is the control, tube 2 the known, and the others are the unknowns. 

With a sterile tuberculin syringe, add 0.5 ml. of the control serumf to tubes 
1 and 2. Into tube 2, in the same way, introduce 0.5 ml. of the kno\\Ta penicillin 
in saline containing 0.4 unite of penicillin per ml. Into the unknonm tubes, 
introduce equal amounts of the serums to be tested. To each tube, except tube 
2, add 0.5 ml. of saline. Using a 5 ml. Luer syringe, add 4.0 ml. of the test culture. 
Use 1 to 3 ml. of serum and correspondingly less broth culture if a veo’ low con- 
centration is expected. 

"RTien both methods are to be used on the same sample, read all tubes in the 
colorimeter and record readings in tabular form (see examples). Tliis is reading 
1, the culture blank. Transfer tubes to the 37°C. water bath and record the time 
accurately, or set an interval tinier for one and one-half hours. The second read- 
ing may be made at any time between one and one-half and three hours, but one 
and one-'half hours is most satisfactor3^ Reset the interv^al timer for one hour, 
or that time which has been shown to give an increase in reading of 35 to 50 
points, invert the tubes, remove each only so long as is necessarj’’ to vipe each do’^ 
and read each in rapid sequence. This is reading 2. This should take only about 
ten seconds a tube. It is essential that each tube be replaced in the water bath 
as soon as read. At the end of the one hour period, reread each tube rapidly and 

* If the culture has increased in turbiditj' beyond this point and the reaction is still 
alkaline, it can be used for the test by diluting with cold sterile broth until it contains the 
desired number of organisms. If, for example, the colorimeter reading is 45 after subtrac- 
tion of the broth blank, dilution of one part of culture with 2.0 parts of cold broth will bring 
the inoculum to the desired strength. Cultures giving an initial reading of 100 or more will 
not give satisfactory growth curves even after dilution. 

t Control serum may be collected from a healthy individual who is not receiving anti- 
biotics or organic arsenicals,-" or serum collected from the patient before the first dose of 
penicillin or over 2.5 hours after the last dose may be used. A saline control is satisfactory 
for most clinical purposes. 
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in the same sequence.* This is reading 3. Replace the tubes in the water 
bath or incubator and read after four hours or, for penicillin, the next day. 
This is reading 4. 

When method 1 alone is used, only readings 2 and 3 are necessary. When 
method 2 alone is used, onl}* readings 1 and 4 are necessarj* and reading 1 may 
be omitted if unknoums are not widelj' different in initial color or turbidity. 

For penicillin solutions, use 0.5 ml. of saline in tube 1, 0.5 ml. of the knmvn in 
tube 2, and 0.5 ml. of diluted unknowns in all other tubes, and add 4.5 ml. of 
broth culture to each tube. 

For urine, dilute the urine to a volume of 200 ml. per minute ^%^.th sterile 
0.85 per cent saline, and use 0.5 ml. amounts. Proceed as for penicillin solutions. 
E.g., if the interval between voidings was thirty-two minutes and the urine 
volume 64 ml., dilute 2 ml. to 200 ml.= 0.5 ml. to 50 ml. with 0.85 per cent so- 
dium chloride. 

For cerebrospinal fluid, this ma 5 ’’ contain a high concentration or it maj*- be 
very dilute, depending on the time which has elapsed. In the former case dilute 
1:200 and in the latter case use 1.0 ml. of cerebrospinal fluid and 4.0 ml. of the 
test culture. 

For pleural and ascitic fluids, centrifuge, pass the supernatant fluid through 
a Seitz filter if grossly purulent, and proceed as for blood serum, using sterile 
ascitic fluid for the control and known tubes. 

NOMOGIUPHIC DETERinNATION OF RESULTS 

Method 1. Let C = Reading 3 — Reading 2, for tube 1, the control. This 
difference should be 30 or over, ideally 35 to 50. 

Let K =^-Reading 3 — Reading 2, for tube 2, the kno\vn. 

Let U = Reading 3 — Reading 2, for each unknown. 

Read T on the diagonal line for the knoi^n and each unknown from nomo- 
graph 1 at the point of intersection of a thread or straight edge from C on the left 
hand side TOth iC or 17 on the right hand side. Read units of penicillin per ml. 
of culture for each unknown from nomograph 2 at the point of intersection on the 
diagonal line of a thread from the T reading for the kno\vn to that of the im- 
known. Multiply this value for the concentration in the tube as read by the , 
dilution factor, usually 10 if each 0.5 ml. of unkno^vn was diluted to 5.0 ml., 
and by anj’’ preceding dilution of the unkno^^•rLS, to get the concentration in the 
original sample. 

iSTomographic detemaination somewhat reduces the accuracy of results 
method 1, since nomograph 1 is an appro.ximation. The method of mathematical 
calculation is given in reference 19. 

Example, method 1: 

* The closer the difference between readings 2 and 3 for the control tube is to,40, the 
more accurate the results; so if this is under 35 or over 50, the one hour time interval may be 
increased or decreased for that lot of medium. Too rapid growth is better than too slow. 
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READING 

CONTROL ' 

TOBE 1 1 

K.VOWK TUBE 2 

! 

TUBE 3 j 

TUBE 4 

3 at 2.5 hours 

78 

45 

61 

38 

2 at 1.5 hours. 

35 

20 

33 

27 

3-2 

43 = C 

16 = K 

28 = 17, 

11 = Ui 


T, from nomograph I 

35 

17 

56 


Concentration, from nomoer.anh 2. in iinils ncr ml. 


1 0.0194 

0.064 


* 



Method 2. If method 2 alone is used, the only readings necessary are read- 
ings 1 and 4. Subtract reading 1 from reading 4 for each tube. Let this differ- 
ence for the first tube be called C, the second tube K, and for the unknown tubes 
U. Subtract K from C and each of the U values from C. Tlien read the units 
of penicillin per ml. in the unknoum tubes at the intersection mth the diagonal 
line of a straight line from C — K on the left hand column to (7 — 17 in the right 
hand colunrn of nomograph 3. If the known had a concentration other than 
0.04 unit per ml., use the multiplication factor. IMultiplj' results as read from 
the nomograph by the dilution factor, usually 10, and by any preceding dilutions 
to get the concentration in the original specimen. 

Example, method 2: 


READING 

CONTROL, 

KKOWK, TUBE 2 

i 

1 vsxsowss 

! TUBE J 

Tube 3 

Tube 4 

4 at IS hours 

242 

■■■ 

CTI 

55 

1 at 0 hours 

22 



30 

4 - 1 

220 = C 


mi 

25 = Ui 


C - KotU. 

163 

104 

195 



0.0195 

0.057 




RESULTS 

Results are shoxra in Table 1. In comparing these Avith results by other 
methods keep in mind that these are results from many unkno^vms run against 
one control and one knoR-n,' while most results reported for other methods are 
averages of several replicates of each unknown against a series of knowns and 
controls. Replicates may be used vath these methods if increased accuracy, is 
desired, but the results reported are sufficiently accurate for most purposes. 

AS&i-Y FOR STREPTOMYCIN 

Previously published methods for streptomj’-cin assay® have the same defects 
as the previousb’’ published penicillin assa^’- methods. 

The technic recommended for streptomycin assay is identical vdth that herein 
described for penicillin, Mth the follo^\^ng exceptions. One microgram of strep- 
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TABLE 1 

SUMMART OF RESULTS OF PeNTCILLIX AsSAT ObTAIN-ED BY EaCH OF TtVO 

XoiroGRAPHic Methods 



O.OSO 


rouKX) 

1 Method 1 

Method 2 

1 0.105 

t 

0.075 


0.106 

0.0795 

0.152 

0.0S45 

0.0S45 

0.0653 

0.0604 

0.051 


0.1055 

0.096 

0.090 

0.075 

0.074 

0.0S3 

0.060 

0.074 



0.106 

0.0S8 

0.121 

0.080 

0.079 

0.074 

0.060 

0.063 


Average. 


0.0S54 


0.0822 


0.0839 


0.070 



Average. 



Average. 



Average. 


0.0845 


0.0865 

0.0S2 

0.064 

0.065 

0.0855 

0.072 


0.075S 


0.040 

0.0775 


0.0587 


0.048 

0.040 

0.0360 

0.0472 

0.040 

0.047 

0.0373 

0.0424 

0.0424 

0.0373 

0.0424 

0.040 

0.0505 


0.0423 


0.066 

0.062 

0.0474 

0.066 

0.066 

0.065 


0.0621 



0.0487 


.0412 
.0391 
0.0420 
0.0391 
0.0395 
0.0454 
0.0406 
0.0396 
0.0406 
0.0390 
0.0411 
0.0386 
0.0416 


0.0406 


0.0763 

0.072 

0.056 

0.065 

0.076 

0.068 


0.0689 



0.0535 


0.0446 

0.0395 

0.0390 

0.0432 

0.0398 

0.0462 

0.0389 

0.0410 

0.0415 

0.0382 

0.0417 

0.0393 

0.0460 


0.0415 
























TABLE 1 — Continued 


, APDnn 

I■O0^*P 

AVERAGE 

Method 1 

Method 2 

0.0350 

0.0.343 

0.0343 

0.0343 

0.030 


0.0265 

0.0254 



0.0267 

0.0299 



0.0324 

0.0325 

Average 

0.030 

0.0285 

0.0293 

0.0250 

0.0244 

0.0218 



0.0280 

0.0255 


0.020 

O.OICO 


0.0159 


0.0160 

0.0139 

0.0150 


0.0178 

0.0186 

0.0182 



0.0186 

0.0161 


0.020 

0.015S 

0.0179 


0.0170 

0.0330 

0.0250 



0.0156 

0.0126 



0.0192 

0.0178 


0.0181 

O.OISS 

0.0IS6 


0.020 

0.0180 

0.0190 


O.OICG 

0.0170 

0.016S 


0.0136 

0.0170 

0.0153 



0.0228 

0.0224 



0.0128 

0.0179 



0.0166 

0.0173 



0.0189 

0.0250 



0.0199 

0.0240 



0.0216 

0.0193 


0.0240 

0.0222 

0.0231 


0.0105 


0.0198 


0.0173 


0.0195 

Average 

0.018S 

0.0189 

0.0188 

0.010 


0.0057 

0.0074 



0.0073 



0.0072 

0.0076 



0.0095 

0.0079 



0.0070 




0.0130 




0.0070 




0.0025 



Average 

O.OOSO 

0.0078 

0.0079 

0.0080 


0.0040 




0.0026 




0.0054 


Average 

0.0070 

0.0040 

0.0055 


104 
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tomj cin equals one unit, so the terms units and micrograms are interchangeable 
and 1 mg. of streptomycin equals 1000 units. Two knomis are necessary instead 
of one knoAvn, -with final concentrations of 1 unit and 3 units per ml. and for 
method 2, if read after six hours, a third knorni containing 10 units per ml. is 
desirable. These are prepared by adding 0.5 ml. of a 10 unit per ml. dilution to 
tube 2, 0.5 ml. of a 30 unit per ml. dilution to tube 3, and, if method 2 is to be 
read the next day, 0.5 ml. of a 100 unit per ml. concentration to tube 4. Use 
tubes 2 and 3 for the knowns in methods 1 and 2, if readings for method 2 are 
made between four and six houis as is recommended, and tube 4 for the knoA\'n in 
method 2 if readings are made the next day. For method 2, use nomograph 4 
instead of nomograph 3. The effective range is 0.2 to 20.0 units per ml. in the 
final culture coiTesponding to a range of 2 to 200 units or micrograms per ml. in 
the original material when 0.5 ml. is used. Sensitmty is increased by slo^^ing of 
the growth rate or decreasing the inoculum, and lower concentrations may be 
determined by using 1 or 2.5 ml. of serum and conespondingly^ less broth culture 
and multiplying by- 5 or 2 instead of 10. 

Urine excreted during the first two hours after a dose of streptomycin should 
be diluted to a volume of 50 ml. per min. and 0.5 ml. used. 

.JiSS-^Y OF TRm-!LLENT ORGANIC .-^.RSENIC.-YLS 

Neoarsphenamine has been shown to be an e.xtremely effective antibacterial 
and antimalarial agent, both 0110103 % when so administered as to maintain 
uniform blood concentrations-* and in viiro.-° The other trivalent organic ar- 
senicals are very effective in viircP’’^ and are much used in the treatment of syph- 
ilis and other treponemal infections, and no clinically practical good method 
for determination of the active form of these drugs has pre\iously been available. 

The technic of determining these compounds is the same as that given for 
streptomy’-cin, wth these exceptions: For neoarsphenamine, use a known of 
1.5 micrograms per ml. concentration, corresponding to the addition of 0.5 ml. 
of 2 i freshly prepared 1 : 10,000 dilution of the contents of a 0.15 gm. ampule. Use 
a concentration of the other trivalent organic arsenicals, except mapharsen, of 
equivalent arsenic content.**" Use a .standard of half this strength, corresponding 
to 0.5 ml. of 1 : 10,000 dilution of a 75 mg. ampule of mapharsen or related arsen- 
oxides. In calculation, use the multiplication factor from nomographs 2 and 4 
times the kno^ra concentration, for the values of the unknowns. The range 
covered is from 0.2 to 3.0 micrograms of neoarsphenamine per ml. Because of 
this extreme sensitmty^, blood serum may have to be diluted 1 : 2 to 1 : 10, when 
0.5 ml. is used. Blood serum should be collected between one and eight hours 
after the last dose and the time elapsed since the last dose accurately recorded. 

COiEMENT 

These methods are much simpler to use than the standard method for sulfona- 
mide determination and many more determinations may be done in a day’ by one 
technician. However, because sulfonamides are not effective against large 
numbers of organisms this method is not suitable for sulfonamide determination. 
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With little or no modification in technic it should be satisfactory for other anti- 
biotics which we have not tested, such as streptothricin. 

It is interesting to note that with method 2 the differences in reading for the 
penicillin-containing cultures are proportional to the square root of the concen- 
tration, while with all other antibacterial agents tested, the difference is directly 
proportional to the concentration. This may be due to the disintegration of the 
penicillin vith time at the 37° temperature. 

A single serum level obviously does not indicate what the blood level of any of 
the compounds would be before or after the time at which the sample was taken. 
If, however, the time since the last dose was administered is known, a satisfactory 
clinical appro.’dmation ^\•ill be obtained, if it is assumed that the concentration 
is uniform when the drug is giveji b}’’ continuous drip and changes by the factors 
indicated below if given b}’’ other routes. 


DKUG 

INTERMITTES'T ADMINTSTRAnON , 

TACTOR 

TUTE 

Penicillin 

Intramuscular 

2 

Jiours 

0,5 

Penicillin 

Intravenous 

4 

0.5 

Penicillin 

Oral 

2 

1.0 

Penicillin in beeswax 

Intramuscular 

2 

4.0 

Streptomycin 

Intramuscular 

2 

2.0 

Streptomycin 

Intravenous 

2 

1.5 

Neoarsphenamine 

Intravenous 

2 

6.0 


For example, if the blood level of penicillin one hour after an intramuscular 
injection is 0.4 unit per ml. it was 0.8 unit per ml. tliirty minutes after the in- 
jection; it Mill be 0.2 unit one and one-half hours after injection, 0.1 unit at two 
houre, and 0.05 unit at two and ‘one-half hours after the same injection. Peni- 
cillin absorption after oral administration is so variable in different individuals 
that quantitative blood determinations awII be essential in foIlnAAmg patients on 
such therapy. More accurate methods of predicting blood levels are given in 
reference 19. 

SUMMAEV 

A simple and accurate method for the quantitative determination of penicillin, 
streptom 3 ’-cin, neoarsphenamine and other antibacterial agents is outlined, re- 
quiring only one control and one or two knowns for man}’- unknoAms. 

Nomograms are published permitting rapid determination of results bj^ either 
or both of tAA'o methods. 

Results by method 1 are available AA'ithin three hours. 

Table 1 shoAA-s results for 69 knoAAUis run as unknoAAUis and determined bj" each 
of the nomographic methods of estimation. 
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STUDIES OF UEOBILINOGEN. VI. 

Further Experience -with the Simple Quantitatiyb Ehrlich Reaction. 

Corrected Calibration of the Evelyn Colorimeter muth a Pontacyl 
Dye Mixture in Terms op Urobilinogen* 

C. J. WATSON, M.D., and VIOLET HAWKINSON, B.S. 

From the Department of Medicine, University of Minnesota Hospital, 
Minneapolis, Minnesota 

In part V of the present series of papers, a simple method was described® 
for the quantitative recording of the Ehrlich reaction, as carried out with urine 
and feces. This method may be employed vith the Evelyn photo-electric colorim- 
eter or with a comparator block vith a series of standard dilutions of a suitable 
mi.Nture of pontacyl carmine and pontacyl violet. The results ivith the two 
methods of colorimetry were showm to be in excellent agreement. 

From the number of queries which have been received, it would appear, 
however, that the description of the method ivas inadequate in certain respects, 
and that as a result, some difficulty has been encountered in making use of it. 
Furthermore, we have subsequently noted a rather curious discrepancy with 
relation to the calibration of the Eveljm photo-electric colorimeter for this de- 
termination. The purposes of the present communication are: to present a 
corrected calibration; to clarify portions of the pre\aous description which have 
appeared ambiguous to some; and to present certain additional data v'hich one 
may gain from the simple quantitative Ehrlich reaction on a single, or a two 
hour, sample of urine, as compared irith the quantitative determination of uro- 
bilinogen in a tv'enty-four hour sample. 

A. CORRECTED CALIBRATION OF THE EVELYN PHOTO-ELECTRIC 

COLORIMETER 

Pontacyl Dye Standard for Quantitative Determination of the Ehrlich Reaction in 

Terms of Urobilinogen 

In paper data were presented on the basis of which our Evelyn photo- 
electric colorimeter vns calibrated for standard stercobilinogen and meso- 
bilirubinogen aldehyde solutions. In paper V, Table 1,® data were presented for 
comparisons of a series of dilutions of the pontacyl stock standard solution vith 
urobilinogen aldehyde solutions of known concentration. This table is mislead- 
ing in that it indicates that a seiies of Eveljn readings is equivalent, on the one 
hand, to the dilutions of the dye in the standard, and on the other, to the uro- 
bilinogen concentrations shown. As a matter of fact, these assumptions are 
incorrect. Actually, the urobilinogen aldehyde solutions (the urobilinogen 
concentration of wffiich was determined by reference to Table 2 in paper IV), were 

♦ Aided by a grant from the Medical Research Fund of the Graduate School, University 
of Minnesota. Received for publication, September 30, 1946. 
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found to be equivalent vith the dilutions of the pontacyl dye, not by means of the 
Evelyn colorimeter, but bi" direct comparison in a Duboscq colorimeter. Un- 
fortunately, this point was not made clear in paper V. A lisual comparison 
was made purposeb^ since it was desired to use these dye solutions for direct 
visual colorimetrv" in the comparator block. The Evebm readings in Table 1 
of paper are the readings obtained vith the dye dilutions ^ven in the table, 
not vith the urobilinogen aldehyde solutions. This is undoubtedly the reason 
for the discrepancy which is noted between the data in Table 2, paper T'', and 
Table 1, paper V. This discrepancy in values is based simpb^ upon the different 
spectral distribution cun-es of the pontacjd dye standard and the urobilinogen 
aldehyde solution, as compared in Fig. 1. It is seen that the absorption of the 



Wave length in nryx 
Fig. 1 

former is relativeh" broader and more diffuse than that of the latter. If these 
two solutions are compared vith an ordinary^ spectroscope, the difference is 
even more striking. Nevertheless, when viewed vith the naked eye, or in the 
Duboscq colorimeter, the colors of the two solutions match perfec%. Tius, 
the difference in spectral distribution cur\^es does not in any waj-- detract from 
the value of the pontacyl dj'-e standard as far as lusual color comparison vith the 
urobilinogen aldehyde solution is concerned. It does, however, require a cor- 
rection to permit use of the d\"e standard for calibration of an Eveljm photo-elec- 
tric colorimeter in terms of known concentrations of urobilinogen. Thus, if 
the Evebm readings in Table 1, paper V, were used, rather than those in Table 
2, paper W, an error ranging from 5 to 20 per cent would be introduced, de- 
pending on the relative concentration of the urobilinogen aldehj'de solution. 
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In tho present stiidj'-, ilie s.ame stock stanfLird poniacyl d 3 'e solution was used. 
This consists of a solution of 95 mg. of pontacjd violet GR 150 per cent* and 5 mg, 
of pontacyd carmine 2B* dissolved in 1000 cc. of 0.5 per cent glacial acetic acid, 
ibi aliquot of this 10 mg. per cent stock standard diluted to 2.04 mg. per cent 
gives th(5 same reading on the Evel.vn colorimeter as that of a O.GO mg. per cent 
urobilinogen (aldehj'de) solution. The further dilutions of the dye and the uro- 
bilinogen concentrations, as given in Table 1, ha\'e tho same absorption readings 
on the Evchm photo-electric colorimeter using a filter with maximum transmission 
at 5G5 mu. 

Tho graph obtained u'ith the above data may be superimposed with that ob- 
tained from the data given in paper IV, Table 2, for pure stercobiiinogen and 
mesobilinibinogen aldehj'de solution. It is thus possible to calibrate an^^ other 
colorimeter of this type bj' means of the abo\'e pontaejd concentrations. 

TABLE 1 

CAi.iBnATiox OF AX Evecvn CoLoxu.VETEn Fon Dilutio.vs of the Stock Poxtacyl Dve 
Mixture a.s CoMrAREU with Urorilixooe.v Aedehyde Soeutioxs of 
K. vowx Coxce.vtr.atio.v 


rONTACYt DYE MIXTURE IK MC. 

TER 100 CC. 

t-'RonlUNOCE.S l.V MO. PER 100 CC. 

READIKC5 OK THE EVELYK 
COLORIMETER 

2.040 

0.6 

10= 

1.700 

0.5 

15= 

1.360 

0.4 

22= 

1.020 

0.3 

32= 

0.850 

0.25 

.39> 

0.6S0 

0.20 

47> 

0.510 

0.15 

57 

0.340 

0.10 

6S= 

0.170 

0.05 

1 S3 

0.0S5 

0.025 

91 


It should be noted that these are not identical with the values given in paper 
V,® for use in the comparator block. The reason for this undoubtedlj' lies in 
the difference between the spectral and visual color characteristics of the d 3 ’e, as 
alread 3 '- mentioned. In paper Y, the actual concentrations of the d 3 "e mixture 
used in the comparator block method Avere not given, it being stated merety that 
a series of unspecified dilutions of a 1 to 6 dilution of the stock standard was 
employed. Since some question has arisen about these dilutions, the exact 
concentrations of the dA'-e mixtui-e Aidiich are lecommended for use in the compar- 
ator block are given in Table 2. 

i 

B. FACTOHS CONCERNING THE EHRLICH REACTION ITSELF 

It has long been knowm that the color of the Ehrlich aldehyde reaction as 

developed in the urine, deepens gradual^ as time elapses from the onset of the 

/ 

* This is the designation used by E. I. duPont deNemours and Company, Inc., ttil- 
mington, Del. 
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reaction. Our previous experience T;\'itli this deepening had indicated that it 
varied markedl}* under different conditions and \rith different urine samples. 
Hence, it was recommended in paper Y that the reaction be carried out as fol- 
lows: ‘The sample is measured and after cooling to room temperature, 2.5 cc. 
are mLxed vdth 2.5 cc. of Ehrhch’s reagent in an Eveljm tube. Five cc. of a 
saturated solution of sodium acetate are then added and thoroughly mLxed.” 
Although this last sentence may have been somewhat ambiguous, it was intended 
to indicate that the sodium acetate is added immediately after a thorough mixing 
of the urine vdth the Ehrlich reagent. -More recently, Kelly, Lewis and Da\'id- 
son'5 studied the deepening of the color reaction vith time and have found 
that it does not appear to be related to urobilinogen. They believe, since it is 
obTously impossible to add the sodium acetate without the passage of an}' time 
whatever, that a fifteen second inter\'al is optimal. Our experience indicates 
that timing of an inten-al is unnecessarj^ and that the procedure as first described 


TABLE 2 

COXCENTEATIOXS OF POXTACYL DyE MlXTtTRE BeCOMMENDED FOR UsE IX COMPARATOR 
Block, Together m'ith Eqeiv.^lext Coxcextratioxs of Urobilixogex 


POXIACVL DYE MDCTfEE IX ilC. PEE 100 CC. 

tmOBILIXOCEK IX MC. PEP. 100 CC. 

1.667 

.60 

1.3S9 

.50 

1.111 

.40 

.833 

.30 

.699 

.25 

.555 

.20 

.416 

[ .15 

.277 

1 .10 

.138 

.05 

.069 

; .025 


is quite satisfactory, assuming that the term “sodium acetate are then added” 
is interpreted to mean without delajx Thus, one should not, in carrYung out 
deteiminations on a number of urine samples, add the Ehrlich ’s reagent to the 
entire series before adding the sodium acetate to any. In other words, the latter 
should be added to each tube immediately after the urine has been shaken Yrith 
Ehrlich’s reagent. In this connection, it should be emphasized that the sodium 
acetate should be pure, and that the solution should be saturated. Impurities 
have been shoYm to affect the color of the aldehyde compound, ^ and if the solu- 
tion is not saturated, the amount added may be insufficient to com'ei*t all of the 
hY'drochloric acid in the Ehrlich’s reagent to acetic acid. This is of particular 
importance insofar as the blank solution is concerned, since if the hydrochloric 
acid is not full}' changed to acetic acid, a partial Ehrlich reaction will ensue and 
the resultant Y'alue in Ehrlich units will be too low. Some question has arisen 
about the .speed of fading of the color after the sodium acetate has been added. 
We have studied this repeatedly and find no significant fading vlthin fi^'e minutes, 
if pure sodium acetate is used. 
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C. FURTHER COMPARATIVE DATA RELATIVE TO UROBILINOGEN IN TM-ENTY-FOUR 
HOUR SAMPLES OP URINE AND FECES 

Single Sample Quaniitalive Ehrlich lieaction 

Siiice a considerable vaiiation exists in urobilinogen excretion in urine at differ- 
ent times during the twenty-four hours, « we have compiled additional data com- 
paring the results obtained in Ehrlich units in 2 to 4 P. M. specimens with those 
obtained in milligrams of urobilinogen for the same da}'. These data, as given 

TAIJLE 3 


FvKTJiEnDATA OX THE 24 Hour Unonii.rxoGEx axd the KiiRi.icrf L'xit.? per Two Hour 

SAAti’EE Durixc the Sa.me 24 Hours 


cast: NUilBER 

1 EHELICIf t'N'ITS IN* 2 TO -< P. W. 

SPECIMEN 

UG. or UROnlLt.VOCE.S PEE 24 HOUES 

1 

* 1.0 

25.6 

2 

3.7 

24.5 

3 

1.0 

14.9 

4 

20.3 

36. 2 

0 

20.3 

65.0 

G 

1 S .4 , 

44.0 

7 

22.4 

7 S .0 

s 

50.6 

72.0 

9 

1.3 

4.2 

10 

1.1 

4.7 

11 

I.O 

3.2 

12 

0.5 

0.3 

13 

0.4 

1.5 

14 

0.8 

0.2 

15 

0.9 

‘ 0.5 

16 

0.7 

0.3 

17 

0.4 

0.4 

IS 

0.4 

1.0 

19 

5.1 

3.4 

20 

1.4 

O.G 

21 

0.1 

4.2 

22 

0.1 

0.7 

23 

1.0 

0.9 

24 

1.0 

10.4 

25 

o.G 

7 .S 


in Table 3, again bear out the fact that a liigh urobilinogen excretion over the 
twenty-four hour period is generall}’’ associated Avith an increase in the 2 to 4 
P. M. sample. 

There are some exceptions, however, of ivhich case number 19 is an example. 
In this instance, 5.1 Ehrlich units Avere found in the tAvo hour sample, Avhile the 
tAA'enty-four hour urobilinogen Avas just at the upper limit of nonnal. The ques- 
tion arises as to AA'hether most of the urobilinogen AA'as excreted between 2 and 4 
P. INI. "WTile this occurrence may at least partly account for the difference. 
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other possibilities must be considered. For one thing, there may have been a 
loss during the petroleum ether extraction. A discussion of this point was 
presented in the preceding papers.=^’ » Another possibility is that during the 
twenty-four hour uiine collection, the urobilinogen may have been oxidized to 
substances that could not be reduced back to urobilinogen. Tliis has been 
discussed pre\'iously.*^=’ 

A discrepancy of the opposite tjTie is noted in cases 22 and 24, in wliich there 
was an increase in twenty-four hour urobilinogen e.xcretion vith a low 2 to 4 
P. ]M. excretion. In case 24 particularlj^ this discrepancy was of considerable 
practical significance, in that while this individual quite clearly had other evi- 
dences of chronic active hepatitis, the value of the Ehrlich units in the 2 to 4 
P. ]M. urine sample was within noimal limits on each of three successive days. 
It\e can merely speculate that in instances such as tliis, the main urobilinogen 
excretion occurs at some time other than during the middle of the afternoon. 
Because of other experiences of the same t3q)e, we have adopted the policy" of 
deteiTnining the twenty-four hour urine urobilinogen in instances in which e\’i- 
dence of liver injuiy is being sought, and in which two 2 to 4 P. M. samples have 
been found to be normal insofar as the Ehrlich reaction is concerned. The 
twenty-four hour quantitative determination, invoh-ing petroleum ether extrac- 
tion, is also done in instances where there is considerable albuminuria causing 
interference hy turbidity. Difficulty has also been encountered in appljdng 
the simple quantitative Ehrlich reaction to certain mines rich in bilirubin. In 
the latter instance, particularl}* if the urobilinogen content is verj- low, the color 
may be masked by the intense yellonness of the uiine, or the green Ehrlich re- 
action’ may interfere. In such instances, the urines should likewise be reduced 
vith feiTOus lydroxide and extracted by petroleum ether.® 

In man}’ cases in which complete exclusion of bile from the intestinal tract 
imdoubtedl}' existed, the number of Ehrlich units in the two hour sample has been 
noted to be considerably higlier than the number of milligrams of urobilinogen 
found in a twenty-four hour sample from a successive period of time. Whether 
this discrepanc}’- is due to difference between the lilank solution and that in which 
the aldehyde is added first, and is possibh’" occasioned by oxidation products of 
bilirubin, or whether it is due to substances other than urobilinogen which react 
with Ehrlich’s reagent, is not clear. In any event, it is e\'ident that values of 2 
to 3 Ehrlich units per two hour sample maj’ at times be obseiwed in persons in 
whom the twenty-four hour urinary urobilinogen is less than 0.5, and the per 
diem fecal urobilinogen less than 5.0 mg.; in other words, in persons in whom 
there is complete exclusion of bile from the mtestine. The occurrence of these 
relative!}’ high Ehrlich values under such circumstances, must be thoroughly 
appreciated in using the simple method. 

In accordance with the purpose for which it was initially de^'ised, the simple 
quantitative Elmlich reaction has proved of much value as a screening method, 
and for frequent serial usage in following cases of liver disease. If the above ' 
limitations are recognized, the method will often give valuable information with 
a minimum expense of time and material. A case in point, which has been 



114 


AVATSON AND HAAVKINSON 


studied recently on the medical serAuce of the UniA^rsity of Minnesota Hospital, 
may be cited briefly as follows. 

E. II., a male, aged 25, liad been exposed to two patients with epidemic hepatitis about 
four weeks prior to onset of his symptoms on August 2, 1946. He was first seen on August 
4, complaining of anorexia, weakness and mild pain in the right upper quadrant of the 
abdomen. He had no jaundice and his temperature was normal. The only positive physical 
finding was definite tenderness over the liver. The liver, however, was not palpable. The 
laboratory findings were as follows : leukocytes, S850 with 65 per cent neutrophils, 28 per cent 
lymphocytes, 5 per cent monocytes, 2 per cent eosinophils; the routine urinalysis was nega- 
tive; bilirubin cound not be demonstrated on this or subsequent days, either by the barium 
strip (Harrison) test' or the methylene blue test.* On August 4, however, the morning 
urine sample contained 5.6 Ehrlich units per 100 cc. and the same concentration was ob- 
served in a single afternoon sample qf that date. The twenty-four hour urine urobilinogen 
value from August 4 to August 5, was 7.8 mg. The prompt reacting (one minute) scrum 
bilirubin was 0.25 mg. per 100 cc., a value slightly above the upper limit of normal in our 
experience.® The total bilirubin was likewise slightly elevated, 1.7 mg. per 100 cc. The 
serum alkaline phosphatase was normal, 2.9 Bodansky units. The total cholesterol was 
192 mg. per 100 cc., with 74 per cent esters. The ccphalin cholesterol flocculation test was 
negative, as was the thymol turbiditj' test. The urinar 3 ' coproporphyrin was well within 
normal limits, 39 gamma in twenty-four hours. All of these results were obtained on August 
4. The bromsulfalcin test on August 8 revealed but 2.5 per cent retention forty-five minutes 
after injection of 5 mg. of the dye per kilogram of body weight. The urine Ehrlich reaction 
on August 5 was 1.5 units and on August 6, 0.4 units. 

From this report it is apparent that the test Avas significantly positiA’-e only at 
the onset of the disease, and that it Avas the only laboratory procedure, AAoththe 
possible exception of the slight^ eleA’'ated serum bilirubin, AA'hich aided in confirm- 
ing the diagnosis of hepatitis. It is true, hoAA-cA'er, that the bromsulfalein test 
AA'^as not done at the outset. The patient recoA'^ered quickl}’-, and after one AA’-eek 
in bed, felt entirely AA^ell. This is believed to represent an instance of an abortive 
attack of hepatitis AAothout jaundice. 

The Ehrlich determination on random samples of feces has proA'ed of consider- 
able diagnostic value, especially in establishing quicklj^ the presence of excessiA^e 
hemolysis. Values aboA^e 400 Ehrlich units per 100 gm. are believed to indicate 
an increased rate of blood destruction, AAith the possible exception of occasional 
cases in Avhich diarrhea interferes AA-ith absorption of urobilinogen. This 
possibility is mentioned, although aa’c haA’e not encountered it. Values betAA-een 
250 and 400 units per 100 gm. are regarded as borderline and require either 
serial determinations or a four day collection AAuth determination of the 
excretion of urobilinogen per diem. The latter method is imdoubtedly superior 
insofar as an exact study of hemoglobin metabolism is concerned. On the 
other hand, a single quantitative Ehrlich determination on a random sample 
of feces may be decish^e in the diagnosis of hemoljTic anemia, and the result may 
be so definite that it is obAuously unnecessary from the clinical standpoint to 
determine the daily excretion of urobilinogen oA’-er a four day period. The 
» folio AA'ing example may be given. 

M. M., a male, aged 64, on April 17, 1944 complained of weakness and anorexia of four 
months’ duration and of jaundice and pallor of four weeks’ duration. He had splenomegaly 
and moderate enlargement of the liver. Laboratory findings included hemoglobin, 4.0 
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gm. per 100 cc.; erji:liroc\i:es, 800,000 per cu. mm.; mean cell diameter 9.0 microns; leuko- 
cytes, 210,000, with 93 per cent Ijnnphocj'tes, many of which were immature; total serum 
bilirubin, 3.7 mg. per 100 cc. ; reticulocj-tes 33 per cent. The patient vras so ill that a satis- 
factory collection of feces for quantitative determination of urobilinogen was not possible. 
An Ehrlich determination on a small amount of feces obtained by rectal examination 
revealed 1152 Ehrlich units per 100 gm. This confirmed the diagnosis of severe macrocytic 
hemoh’iic anemia with hmiphatic leukemia. 

In Table 4, some additional data are given to that presented in paper V, re- 
lating to comparison of values for Ehrlich units per 100 gm. of feces in a random 
sample, and for urobilinogen in milligrams per day at the same period. 

The above data are representative of our experience and indicate that for 
routine clinical work, the Ehrlich determination on a random sample wili often 
give all the information needed. A single determination on one day is insuffi- 
cient to prove the presence of complete biliary obstruction, such as is character- 
istic of cancer of the biliary tract." If less than 5 units per 100 gm. are obser\’-ed 
on each of four random samples during as many days, this is believed equivalent 


TABLE 4 

Ehrlich Units per 100 Gm. of a Random Sample of Feces Compared with Mg. of 
Urobilinogen per D.A.y for a Four-Dat Period 


CASE 

KtTiCEEE 

DIACSOSIS 

EHRLICH 
mriTS PER 100 
CH. PECES 

MG. UP.O- 
BIUNOGEK PER 
DAY 

1 

Familial hemolytic anemia 

1280 

804 

2 

i Carcinoma of head of pancreas 

i 2.3 

2.2 

3 

Postoperative common bile duct stricture 

13.0 

9.2 

4 

Cirrhosis of the liver "with jaundice 

107.0 

51.0 

5 

Familial hemolytic anemia 

1720.0 

1086.0 

6 

Carcinoma of the ampulla of Vater. 

4.8 

1.2 


to the finding of less than 5 mg. of urobilinogen per day for an entire four day 
collection." Values between 5 and 10 Ehrlich units per 100 gm. must be regarded 
as borderline, at least for the present, while values over 10 units are believed to 
indicate that some bile is gaining access to the intestine. 

SUMMARY AND CONCLUSIONS 

A corrected calibration is given of the Evehm photo-electric colorimeter with a 
pontac3d dj-e mixture, in terms of urobifinogen. 

The finding of occasional discrepancies between the twenty-four hour urine 
urobilinogen and the 2 to 4 quantitative Ehrlich reaction, is discussed. 

Because of instances in which the value in the latter test is normal and that in the 
former test distincth'^ elevated, it is recommended that, if liver disease or injurj’- 
is suspected, and two single samples or a sample collected over a short period have 
given normal results, a twenty-four hour urobilinogen be determined. 

In instances where the urine contains much albumin, or large amounts of biliru- 
bin, especially if vith the latter a green Ehrlich reaction is encountered, it is re- 
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commended that, followng ferrous h^’-droxide reduction and petroleum ether 
extraction, tlie urobilinogen be determined in a t\vent 3 '^-four hour specimen. 

Further stud}"- of the Ehrlich deteimination on random samples of feces has 
confirmed the frequent usefulness of this method especially in quicklj’- determining 
excessive hemob'sis. 'lvalues above 400 Ehrlich units per 100 gm. are believed 
indicative, with rare exceptions, of an increased excretion of urobilinogen in the 
feces. Values less than 5 units per 100 gm., if encountered in four dail^^ random 
samples, are believed equivalent to a finding of less than 5 mg. of urobilinogen 
per day for an entire four da^' collection of feces, insofar as detennining complete 
exclusion of bile from the intestine is concerned. 
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THE EFFECT OF LIPIDS ON KAHN ANTIGEN 

I. Redtjctiox of Sensitivity by Addition of Lecithin* 

ALBERT H. WHEELER, Dr.P.H., ELLA BRANDON, A.B., 

A.VD REUBEN L. KAHN, Sc.D. 

From the Serology Laboratory, University Hospital, University of Michigan, 

Ann Arbor, Michigan 

In tlie standardization of Kahn antigen, it is not uncommon to find that the 
original antigen prepared from beef heart powder is oversensitive or imdersensi- 
tive. Usually these variations in sensitivity are of a moderate degree and it is 
possible to correct the antigen to the sensitivity level of standard Kalm antigen 
Ity several technical stepsA In some instances, however, an antigen is so under- 
sensitive or so oversensitive that the described methods of correction are not 
applicable. In the preparation of Kahn sensitized antigen for the presumptive 
test, a lipid mixture (sensitizing reagent) is added to standard Kahn antigen to 
increase its sensitivity to the level of sensitized antigen. The basis for the 
standardization of either standard or sensitized antigen is the adjustment to 
proper sensitivity bj" vaiying the lipid concentration of the antigen. This fact 
led us to investigate the effects of adding certain lipids, such as lecithin or 
cephalin, to Kahn antigen. It was believed that individual lipids in antigen 
standardization would be more desirable than lipid mixtures. In this article, 
data will be presented indicating that lecithin added to Kahn antigen reduces 
its sensitiinty; also, that this property of lecithin can lie utilized in adjusting 
highh' o^'ersensiti^'e antigens to standard requirements, even when they were 
originalK beyond the range of correction b}' the usual methods. 

JL\TERT.\LS .\ND METHODS 

Antigens. Seven uncorrected Kahn antigens were selected: two oversensitive 
antigens, Oi and O 2 , which could be corrected by routine methods; two oversensi- 
tive antigens, O3 and O4, which could not thus be coiTected; two undersensitive 
antigens, Lq and Uo, which could not be corrected by routine methods; and one 
undersensitive antigen, U3, which could be thus corrected. 

Lecithin. Seven different solutions of lecithin in absolute ethyl alcohol, 
A to H, were prepared and purified according to Pangboruo and were used after 
the addition of 0.6 per cent chole.sterol. An eighth lecithin solution, J, was pre- 
pared by extracting a 5 per cent suspension of nonpurified commercial egg leci- 
thin with 0.6 per cent cholesterolized absolute alcohol for one hour in a water 
bath at 56 C. This solution wns cooled and filtered. It was found to contain 
8.48 per cent phosphorus. The concentration and source of the lecithin solutions 
were as follows: 

* Aided by a grant from the Difeo Laboratories, Inc., Detroit. Michigan. Received for 
publication, September 28, 1946. 
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SOLUTION 

rKRCKNTAGK OF LECITHIN 

SOURCE* 

A 

1.43 

Beef Heart CM 

B 

0.89 

Beef Heart CM 

C 

2.12 

Beef Heart CM 

D 

2.91 

Beef Heart MP 

E 

1.45 

Beef Heart MP 

F 

2.85 

Soy bean CM 

G 

3.36 

Soy bean MP 

H 

4.98 

Soy bean CM 

J 

— 

Egg-Difeo 


* Extracts marked CM ■were prepared by Drs. Martin Chanin and Stanle}' Marcus in tliis 
laboratory; those marked MP, by Dr. Mary C. Pangborn in the New York State Health 
Department Laboratories; egg lecithin for solution J was kindly supplied in generous 
amounts by the Difco Laboratories, Inc., Detroit, Michigan; solution E was a 50 per cent 
dilution of lecithin D with O.G per cent cholcsterolized absolute alcohol; solution B, in 
contrast to the other six purified lecithin solutions which were colorless, had a pale amber 
color. 

Choline hydrochloride. , A solution of choline was prepared by adding 30 gm. 
of choline hydrochloride to 100 ml. of 95 per cent alcohol. Cholesterol was not 
added to this solution since it was found to precipitate at room temperature. 

Method of Antigen 'Titration.^ Four suspensions of each antigen were prepared 
by mixing 1 ml. quantities of antigen with 1.1, 1.3, 1.5 and 1.7 ml. of 0.9 per cent 
sodium chloride solution. A control was set up at the same time using standard 
Kahn antigen at the indicated titer. In titrating each antigen suspension, the 
procedure of the three tube Kahn test was emplo 3 ^ed, except that 0.9 per cent 
salt solution was used instead of serum. After the usual three minute shaking 
period, 1 ml. of 0.9 per cent salt solution was added to each tube containing 0.05 
ml. of antigen suspension, and 0.5 ml. salt solution to each of the remaining tubes. 
The racks were shaken by hand for a few seconds to insure thorough mixing and 
the degrees of turbidity or clarit}'' of the three tube tests were read. 

The titer was considered to be the minimum amount of salt solution added to 
1 ml. of antigen, producing a suspension of aggregates which undergoes wsualh' 
complete dispersion upon the addition of further salt solution, resulting in an 
homogeneous opalescent liquid. Some of the antigen suspensions in the titration 
range contained aggregates ^^-liich were not dispereible; others contained aggre- 
gates which were so completely dispersed as to lead to water clarity. The 
notations of the titration readings, ranging from hea\y nondispereible aggre- 
gates to water clarity, are listed below. The abbre\aated forms are desig- 
nated when abbreviations are used. 

Heavy aggregates — Heavy agg. 

Cloudy, aggregiites — Cloudy, agg. 

Cloud 3 s fuzzj- 
Cloudy 

Slightlj" cloud}' — SI. cloudy 
Trace cloudy — Tr. cloudy 
Opalescent 
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Trace clear — Tr. clear 
Slightly clear — SJ- clear 
Slightly too clear — SI. too clear 
Too clear 
Watery clear 


Tile following outline presents the titration pictures of an oversensitive an- 
tigen, of an undersensitive antigen, and of standard Kahn antigen. 


AMO'J.S'TS I.V ml. of j 

ASD S,\LT SOLUTION , 

1 

'■nT.ESES'inVE AVTICES' 

1 irNTJEESESSITIl'E ASTJCES 

/ 

j STANTJARD fEtHK ANTICEE 

1 

+ 1.1 i 

Heavy agg. 

i 

i Tr. clear 

I 

1 Tr. cloudy 

1 

+ 1.3 i 

Heavy agg. 

1 Watery clear 

j Opalescent 

1 

+ 1.5 1 

Cloudy, agg. 

1 Watery clear 

* SI. clear 

1 

+ 1.7 ; 

Cloud}' 

; Watery clear 

1 Too clear 


Thus, an antigen ivhich gives titration readings that range from “heaiw ag- 
gregates” to “cloudy” is oversensitive, while an antigen which gives titration 
readings ranging from “trace clear”' to “waten^ clear” is undersensitive. The 
desirable titration picture is the one in which the antigen suspensions made vith 
increasing volumes of salt solution, that is, 1.1, 1.3, 1.5 and 1.7 ml., show a gra- 
dual increase in claiity. The titration end point or titer is the tube which shows 
opalescence. 

After the titer of an antigen was determined, the nexi: step was to establish 
whether the sen-sitivity and specificity of the antigen were comparable to those of 
Kahn standard antigen. This ivas accomplished bj' performing Kahn tests vith 
the new antigen and with standard antigen simultaneously, employing two nega- 
ti'^'e and eight weakK positive serums. If the sensitivity of the newly prepared 
antigen differed from that of standard antigen, further steps were used to cor- 
rect it to standard requirements.^ 

Methods of Correction. .After the preliminary titrations, 10 ml. samples of 
each antigen were diluted 1 per cent, o per cent and 10 per cent, respectiveljq 
with a given lecithin solution and were retitrated. If a satisfactory' titer was not 
quite reached, other dilutions with lecithin were employed, such as 3 per cent 
or perhaps more than 10 per cent, according to the indications of the preceding 
titration. For control purposes, titrations were performed with the antigens 
after similar dilutions with cholesterolized alcohol. 

.\fter sati.sfactoiy titrations of the antigens had been obtained, the 10’ ml. 
samples were tested ivith weakh' positive syphilitic serums to detennine their 
sensitivities. For, while a sati.sfactoiy titer is a prerequisite for an antigen, 
it is no definite indication of correct sensithity. If it was not closely comparable 
to standard sensitmty, further corrections were made bj" the usual procedure of 
dilution of the antigen with cholesterolized alcohol and/or by small adjustments 
in the amount of salt solution used in the titer. Finally, a 50 ml. sample of each 
antigen was prepared according to the method used in making the 10 ml. test 
samples and rechecked with standard Kahn antigen. 
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EXPERIMENTAL 

1 . The effect of lecithin on the titration "picture of oversensitive antigens. Four 
oversensitiv'e antigens, Oi, O 2 , O 3 and O4, were each diluted 1 per cent, 5 per cent 
and 10 per cent Mitli lecithin solution C, and the diluted antigens titrated with 

0. 9 per cent salt solution. Control titrations were performed mth the antigens 
after similar dilutions with cholesterolized alcohol. The results of this experi- 
ment are given in Table 1. 

It can be seen from the table, that none of the original undiluted antigens or 
portions of these antigens diluted uith cholesterolized alcohol gave an acceptable 
titration picture and, hence, all were unfit for use with serum. On the other hand, 
antigen Oi diluted with 5 per cent of the lecithin solution and antigen O 2 diluted 
\vith 1 per cent, gave typical titration pictures of usable antigens. It is also evi- 
dent from the table that the 5 per cent lecithin dilutions of antigens O 3 and O 4 
reduced the turbidity of the titration mi.xtures beyond the titer, and that a dilu- 
tion of the antigens Mith lecithin between 1 per cent and 5 per cent would give 
an acceptable titer. Determinations of the optimal amount of lecithin to be 
added to an oversensitive antigen will be presented below. 

2. The clfect of lecithin on the titration picture of undersensitive antigens. An 
experiment was carried out vith three undersensitive antigens, Ui, U 2 and U3, 
in exactly the same manner as described for oversensitive antigens in experiment 1 . 
The results are presented in Table 2. 

It is shown in Table 2 that dilutions with lecithin or cholesterolized alcohol did 
not markedly alter the titration pictures of antigen Ui and U 2 . Antigen Ua was 
a special type of undemensitive antigen in that a titer could be obtained either 
in the undiluted state or after dilution with cholesterolized alcohol. In both 
instances, however, a “fiat” titration picture u-as obtained since the differences 
in the turbidity of suspensions made wth 1.1, 1.3, 1.5 and 1.7 ml. of salt solution 
were very slight and did not show the desired progressively increasing clarity of 
a “sloping” titration picture; experience lia^dng shown that the latter picture is 
the desirable one. It can be seen from the table that the dilutions of antigen U 3 
TOth lecithin changed the titration picture from a “flat” to a “sloping” titer. 

•3. The effect of choline hydrochlonde on the titration picture of antigen. An e.x- 
periment w'as undertaken to determine whether or not choline, a hydroljdic pro- 
duct of lecithin, too, u’ould alter the sensitivity of oversensitive and undersen- 
sitive antigens and, if so, to what extent. According^, oversensitive antigens, 

01, O2 and O3, and undersensitive antigens, Ui, U2 and U3, were diluted 1 per cent, 

5 per cent and 10 per cent vith a 30 per cent solution of choline hydrochloride in 
absolute alcohol. The results are summarized in Table 3. 

It is seen in Table 3 that the titration pictures of oversensitive antigens diluted 
mth choline show a slight reduction in turbidity which does not approach the 
decrease obtained by the use of dilutions with lecitliin. In addition, the table 
shows that dilutions of undersensitive antigens with choline had no apparent 
effect on their titration pictures. 

4, The'effect of various lecithin preparations on the titration picture of oversensitive 
antigens. The original observations on the ability of lecithin to decrease the 
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TABLE 3 

Effect of Choline Htdf.ochloride on the Titration Pictxhje of Oversensitive and 

Undersensitive Antigens 


A1I0^^■TS IK STL. 

OF ASD SALT 

sorirnoK 

j TlTKATiOK liZAOIKGS 

{ - or t;:>'coKSiECTED 

i AKUGFK 

i •nrSATION' EEADINCS OF A^•TIGE^-S DILCTED WCTH 

1 VAEIOCS PEXCENTACES 07 30 PEE CENT SOLUTION OF CEOLINE 

i HYDEOCHXOEIDE* 

i 

j 1 per ceat ! 

1 S per cent 

1 10 per cent 

Antigen Oi 

1 

-f 1.1 

; Heavy agg. 

j Heav'}' agg. 

Heavy agg. 

Hea\w agg. 

1 

-f 1.3 

■ Cloudy 

1 Cloudy 

SI. cloudy 

Opalescent 

1 

4- 1.5 

j Si. cloudy 

i Tr. cloudy 

Tr. cloudy 

SI. clear 

1 

4" 1-/ 

j SI. clear 

i SI. clear 

i 

SI. clear 

SI. too clear 

Antigen 0* 

1 

-f I.l 

1 Cloudy, agg. 

1 Cloudy 

1 SI. cloudy 

SI. cloudy 

1 

-f 1.3 

f Cloudy, agg. 

1 Heavv' agg. 

■ SI. cloudy 

Tr. cloudy 

1 

-f 1.5 

j Opalescent 

1 Cloudy 

[ Too clear 

Water}' clear 

1 

-r 1.7 

j Too clear 

1 Too clear 

! Water}' clear { 

Water}' clear 

Antigen Oj 

1 

-r 1.1 

j Tr. cloud}' 

{ j 

1 Opalescent 1 

' Tr. cloudy 

Tr. cloudy 

1 

-f 1.3 

i SI. cloudy 

i Tr. cloudy ! 

Tr. cloudy 

Tr. cloudy 

1 

-f- 1.0 

1 Cloudy, fuzzy 

j Tr. cloudy ■ 

Tr. cloudy 

Tr. cloudy 

1 

-7- 1.7 

; Cloudv 

1 

i Tr. cloudy j 

1 ‘ 

; Tr. cloudy 

Tr. cloudy 

Antigen Lh 

1 

4- 1.1 

i SI. too clear 

r 1 

t SI. too clear S 

Too clear j 

Too clear 

1 

4- 1.3 

1 Water}' clear 

1 Too clear j 

Water}' clear' ! 

Water}' clear 

1 

4- 1.5 

i Watery clear 

; Water}' clear j 

Water}' clear i 

Watery clear 

1 

4- 1.7 

i Waten' clear 

! 

i Water}' clear | 

Water}' clear | 

1 

Watery clear 

Antigen U; 

1 

4- 1.1 

t 

■ Tr. clear 

; SI. too clear : 

SI. clear | 

SI. too clear 

1 

4- 1.3 

1 SI. too clear 

> Too clear i 

SI. too clear j 

SI. too clear 

1 

4- 1.5 

j Water}' clear 

1 Too clear | 

Too clear | 

Watery clear 

1 

4- 1.7 

1 Water}' clear 

1 Water}' clear j 
1 ( 

Water}' clear | 

Watery clear 

Antigen LL 

I 

4- 1.1 

1 Tr. cloudy 

i ! 

i Tr. cloudy i 

Tr. cloudy 1 Tr. cloudy 

1 

4- 1.3 

1 Opalescent 

I Tr. cloudy i Opalescent j 

Opalescent 

1 

4- 1.5 

1 Opalescent 

( Opalescent [ 

Opalescent j 

SI. clear 

1 

4- 1.7 

\ SI. clear 

[ Too clear | 

SI. clear | 

SI. clear 


* The control titration pictures of antigens diluted with cholesterolized alcohol are in 


Tables 1 and 2. 


seiisitivitj'' of oversensitive antigen vere made vith. lecithin solution B. This 
was an amber colored solution containing 0.89 per cent lecithin and was prepared 
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'from heef- heart muscle. During the coui-se of this work other preparations of 
beef heart lecithin were made available and, in addition, two samples of lecithin 
from soy bean were obtained. A study was undertaken to determine the effect 
of the various lecithin solutions on oversensitive antigens, with special considera- 
tion given to the source of the lecithin. The results of one experiment are pre- 
sented in Table 4. 

It can be seen in Table 4 that the greatest effect on the titration picture oc- 
curred when dilutions were made with lecithin H, which w'as a so}^ bean extract 
containing 4.98 per cent lecithin. Lecithin G, another S03" bean preparation 
containing 3.3G per cent lecithin, was the next most effective solution. The next 
four lecithin solutions, prepared from beef heart, showed progressively decreasing 
effects on the titration picture as the concentration of lecithin decreased. These 
were as follows; lecithin D, 2.91 per cent; lecithin C, 2.12 per cent; lecithin E, 
1.45 per cent; and lecithin A, 1.43 per cent. • The differences in the actions of 
lecithin solutions E and A were negligible. Lecithin J, prepared by simple 
alcoholic extraction of crude egg lecithin, showed slightly less activity than 
lecithin G, 3.36 per cent. The cmde egg lecithin extract had a high phosphonis 
content, the major portion of which was undoubtedly present in substances other 
than lecithin. Therefore, the e.xact amount of lecithin could not be determined. 

The results of these experiments, uith the exception of lecithin J, suggest that 
the capacity of lecithin to improve the titration picture of oversensitive antigens 
is a function of concentration and apparently is independent of whether the 
lecithin is prepared from beef heart muscle or from soy bean. 

5, The sensiiiviiy. and specificity adjustments of oversensitive antigens corrected 
xoith lecithin. The change in the titration picture as a result of the addition of 
lecithin, as listed in Tables X, 2 and 4, served as the indicator of the exact amount 
of lecithin to be added to a given antigen for comparative sensitint}' studies with 
standard Kahn antigen. Each antigen to which lecithin was added was tested 
with weakly positive sj-^philitic senims and the residts compared with those ob- 
tained vith standard Kahn antigen. On the basis of these tests vithsemm, 
final adjustments for sensti'vdt.y Avere made, when necessarj'-, by the addition of 
cholesterolized alcohol or by small changes of the titers. An illustration of this 
procedure Avith antigen O3 is giA^en in Table 5. 

Table 5A shoAA's that a 2 per cent dilution of antigen O3 A\ith lecithin solution 
B Avas sufficient to give an acceptable titration picture AAith a titer of 1 + 1.3. 
According to Table 5B, howcA^er, the reactions AA-ith s^iihilitic serums Avere not 
quite as sensitiA-e as those A\dth standard Kahn antigen. Bffien the tests AA-ere 
repeated employing a reduced titer of 1 + 1.25, the results were found to be 
closety comparable to those of standard antigen. 

Similar adjustments AA-ere carried out on each of the other antigens and the 
final methods of correction are given in Table 6. 

Antigen Oi A\-as corrected by 15 per cent dilution AA-ith lecithin solution F plus 
10 per cent dilution AA-ith cholesterolized alcohol and used at a titer of 1 -f 1.3. 
Antigen O2 AA-as corrected bj" 5 per cent dilution Avith lecithin solution C and used 
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TABLE 4 

Effect of Y Amors Concextratioxs of Lecithin on the Titr.\tion 
OF AN Oversensitive Antigen 


2XaTHI^' EOLVTIOS 

AlrOVXTS IN 
in.. OF ANTIGEN 
JtND SALT 
SOLUTION 


DesigaatJon 

Concentra- 
tion, per cent 

1 per cent 

5 per cent 

10 per cent 

H 

4.98 

1 -f 1.1 

Tr. cloudy 

SI. too clear 

Too clear 

' 


1 -f 1.3 

Tr. cloudy 

Too clear 

Water}' clear 



1 + 1.5 

Tr. clear 

Watery clear 

Watery clear 



1 -h 1.7 

SI. clear 

Watery clear 

Watery clear 

G 

3.36 

1 -f 1.1 

Opalescent 

Opalescent 

SI. too clear 



1 -f- 1.3 

Cloudy, fuzzy 

Too clear 

Too clear 



1 -hi. 5 

Tr. cloudy 

Watery clear 

Watery clear 



1 -h 1.7 

Tr. clear 

Watery clear 

Watery clear 

D 

2.91 

1 -f- 1.1 

SI. cloudT' 

SI. cloudy 

Tr. cloudy 



1 -f 1.3 

Tr. cloudy 

Tr. cloudy 

Watery clear 



I -f 1.5 

Tr. cloudj' 

Opalescent 

Water}' clear 



1 4- 1.7 

Tr. cloudj' 

SI. too clear 

Watery clear 

C 

2.12 

1 4- 1.1 

Tr. cloud}' 

Tr. cloudy 

Tr. cloudy 



1 4- 1.3 

SI. cloudy 

Opalescent 

Opalescent 



1 4- 1.0 

SI. cloudy 

Opalescent 

Opalescent 



1 4- 1.7 

SI. clear 

SI. clear 

SI. clear 

E 

1.45 

1 4- 1.1 

Tr. cloudy 

SI. cloudy 

SI. cloudy 



1 4- 1.3 

SI. cloudy 

Si. cloudy 

Tr. cloudy 



1 4- 1.0 

SI. cloud}' 

SI. cloudy 

Opalescent 



1 4- 1.7 

SI. cloudy 

Tr. cloudy 

SI. too clear 

A 

1.43 

1 4- 1.1 

SI. cloudy 

SI. cloudy 

Tr. cloudy 



1 4- 1,3 

SI. cloudy 

SI. cloudy 

Tr. cloudy 



1 4- 1.0 

SI. cloudy 

Tr. cloudy 

Tr. cloudy 



14-1.7 

Tr. cloudy 

Tr. cloudv 

Tr. clear 

J* 


1 4- 1.1 

SI. cloudv 

Tr. cloudy 

SI. clear 



1 4- 1.3 

SI. cloudy 

SI. clear 

Too clear 



1 -f 1-5 

SI. cloudy 

Watery clear 

Watery clear 

t 

! 

1 4- 1.7 

Tr. cloudy 

Watery clear 

Watery clear 

} 

0.6 per cent clioles- 

1 -f- 1 .1 

Tr. cloudy 

Tr. cloud}' 

Opalescent 

ferolized alcohol 

1 4- 1.3 

SI. cloudy 

SI. cloudy 

Tr. clear 



1 -r 1.0 

Cloudv 

SI. cloudy 

Tr. cloudy 



1 4- 1.7 

Cloudv 

SI. cloudy 

Tr. cloudy 


* Lecithin J (S.4S%P). a coiorcd alcoholic extract of commercial egg-lecithin. 

at a 1 + 1 -25 titer. x\s given above, antigen 0.i was corrected hy 2 per cent di- 
lution ivith lecithin solution B and used at a titer of 1 -r 1.25. In addition, 
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antigen O 3 n-as corrected by 3 per cent dilution with cmde lecithin extract J plus 
3 per cent dilution with cholesterolized alcohol and used at a titer of 1 -f 1.3. 
This antigen will be refened to as 0.iJ. 


TABLE 5 

Illustratio.n' of the Sen'siti vity Adj u-stmen't of .\.v Ovekse.vsiti ve A.n'tigex Corrected 

WITH Lecithin’ 


A. Determination of titer according to the opalescence of antigen suspension 


ASTI- i 
GES i 

1 

AMOUNTS IN 
ML. OF ANTIGEN 
AND SALT 
SOLUTION 

TITRATION’ READIKCS OF .VNTtcrN' DltUTBD WITH VARIOUS PERCE.N’TACES OF 

LECITHIN’ SOLUTION’ D 

i 

Undiluted 

2 per cent 

S per cent 

10 per cent 

O3 

1 + l.l 

Tr. cloudy 

Tr. cloudy 

SI. too clear 

Too clear 

i 

1 + 1.3 

SI. cloudy 

Opalescent t 

Watery clear | 

1 Watery clear 


1 + 1.5 

Cloudj', fuzzy 

SI. clear 

Watery clear 

I Waterj’ clear 


1 + 1.7 

Cloudy 

SI. too clear 

Watery clear 

i Watery clear 

1 


t Titer. 


B. .Adjustment of titer according to antigen sensitivitj' with syphilitic sera 


SERUM 

1 AN’TIOE.S’ Ol 

2 PER CENT DILUTION | 
LECITHIN B 

TITER 1+1-5 

STANDARD ANTIGEN 

(con’trol) 

TITER 1 + 12 

ANTICE.S’ Oj 

2 PER CENT DILUTION 
LEarniN b 

TITER 1 + 1.25 

ST.IN’DARD A.VnOEN 
(CONTROL) 

TITER 1 + 1.2 

1 

2 

* 

“ ± 4 

♦ 

’- rfc 4 

— ^ _* 

- dr 4 

■ - dr 4 

3 

— 1 . _ 

— 

— 4 

- ± '4 

4 

— ±4 

- ± 4 

- 2 4 

- 4 4 

5 

— — — 

— rb 4 

' dr 4 4 

±44 


* Tlie negative reactions appeared opalescent. 


TABLE 6 

AIethods of Final Correction for Overse.nsitive Antigens 


ANTIGEN 

1 ADJUSTMENT WITH LECITHI.N .AND OIOLESTEROLIZED ALCOHOL 

TITER (ml. OP .AN’TICEN 
AND S.ILT SOLUnONj 

Oi 

15 per cent dilution lecithin solution F 
( 10 per cent dilution cholesterolized alcohol 

1 + 1.3 

0- 

1 5 per cent dilution lecithin solution C 

1 + 1.25 

0, 

2 per cent dilution lecithin solution B 

1 + 1.25 

03 J i 

i 

3 per cent dilution lecithin solution J 

3 per cent dilution cholesterolized alcohol j 

1+1.3 


6 . The vse of antigens corrected with lecithin in the Kahn differential temperature 
and triple quantitative technics. In the Kahn verification test,^ the technics for 
the differentiation between syphilitic and nonsyphilitic reactions include the 
differential temperature and triple quantitative technics. In the differential 
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temperature technic, three Kahn tests are performed on each serum, one at 1 C., 
another at room temperature and the other at 37 C. In the triple quantitative 
tecimic, three quantitative Kahn tests are performed on each serum using a serial 

TABLE 7 


OVERSEN'TITIVE ANTIGEXS CORRECTED TO STANDARD SEXSITIvm' BT THE ADDITION OF 

Lecithin in the Kahn Differentiae Temperature Technic 



.^XTICEX Ol 

1 4- la 

antigen 0: ] 

14- 1.23 I 

AKTICEX 0: 

1 4- 1.25 

ANTIGEN 0}. 

I J 

• 1 4- 1-5 

) 

1 

1 standakd 

' ANTIGEN (CONTEOE) 

; 1 -r 1.2 

f 

Iicsults at 1 C. 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

1 1 1 1 1 1 fM 1 1 

4 

2 

4 

4 

4 

4 

-1- 

4 

4 

4 

4 

4 

4 

4 

. 

4 

- 1 4 1 

- 1 4 1 

- 3 4 i 

- db 4 1 

=r 4 4 1 

i 4 4 1 

- 2 4 1 

- 1 2 1 

1 

±44 

± J 4 

±44 

2 4 4 

1 4 4 

2 4 4 
±44 

1 4 4 

i - 3 

I — 2 

i ± 4 

! ~ 1 

1 1 4 

1 - 4 

i rt 4 

j _ a. 

i 

1 

i 

4 

4 

4 

4 

4 

4 

4 

4 

! 0 

• ““ Hj 

1 

I — ^ 

dr 2 
dr 2 

1 ^ 

4 

4 

4 

3 

4 

4 

1 

1 

Results at room temperature 

1 


_ 

1 

I 


\ 

{ 

— 




2 

— 

4 

-i i 

— 4 4 ‘ 

- 4 4 

I - 4 

4 

- 4 

4 

3 

1 

4 

4 i 

±44 s 

1 4 4 

1 1 4 

4 

1 4 

4 

4 

2 

4 

4 1 

±44 ! 

2 4 4 

) 2 4 

4 

2 4 

4 

5 

-U 

4 

-X 

•i i 

±44 1 

- 4 4 

i - ^ 

■i 

- 4 

4 

6 


4 

4 1 

±44 ( 

- 4 4 

- 4 

4 

~ 4 

4 

7 



4 

4 1 

±44 i 

14 4 

- 

A 

~ 4 

4 

8 

1 

4 

4 : 

- 4 4 i 

- 4 4 

- 4 


~ 4 

4 

9 


4 

4 i 

- 3 4 j 

- 3 4 

— 4 


- 4 

4 

10 


— 

_ ! 
1 

1 

i 

— — ' — 


- 







Results 

at 37 C. 





1 



1 

— \ 


— — 

-- 

~ 

— 

— 

2 

4 

4 

4 i 

4 4 4 1 

3 4 4 

3 4 

4 

4 4 

4 

3 

4 

4 

4 i 

4 4 4 

4 4 4 

4 4 

4 

4 4 

4 


4 

4 

^ i 

4 4 4 1 

4 4 4 

4 4 

4 

4 4 

4 

o 

4 

4 

4 ! 

4 4 4 1 

4 4 4 

4 4 

4 

4 4 

4 

6 

4 

4 

4 ! 

4 4 4 ; 

4 4 4 

4 4 

4 

4 4 

4 

7 

4 

4 

4 i 

4 4 4 i 

4 4 4 

4 4 

4 i 

4 4 

4 

8 

A 

4 

4 ■ 

4 4 4 \ 

4 4 4 

4 4 

4 1 

4 4 

4 

9 

4 

4 

4 i 

4 4 4 1 

3 4 4 

4 4 

4 1 

4 4 

4 

10 

— 

— 

_ 1 
i 

1 



- 1 




ddution of serum made, respectively, vith distilled water, 0.9 per cent sodium 
chloride solution and 2.5 per cent sodium chloride solution. Antigens Oo, 
Os and Os-J were each employed in these two technics in comparison with Kahn 

standard antigen.- 
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The results obtained with ten pooled syphilitic serums in the differential temp- 
erature technic are gi\'en in Table 7. An examination of this table shows that 
the results u’ith antigens Oi, O2, O3 and O3J are broadly similar to one another 
and to the control. In the tests performed at room temperature and 37 C., the 
reactions obtained with the corrected antigens are practical^'’ identical with those 

TABLE 8 

OVEK.SENSITIVE AnTIGENS ConHECTEI) TO STAXDAni) Sen'.SITIVITV BV THE AdhITIOX OF 
LecITJIEV IX THE Kahx Tiiiim-e (Jeaxtitativb Techxic 


SERIAL DILUTION'S OF SERUM PREPARED WITH VARIOUS PERCEN'TACKS 
OF SODIUM CHLORIDE SOLUTION' 


ANTICES* 

aiUITION 

Scrum 1 

j Scrum 2 

0 per cent 

0.9 per cent 

2.5 per cent 

0 per cent 



Oi 

1:2.5 

« 

4 

4 

4 

4 

4 

4 


1 :3 

3 

4 

4 


— 

4 


1:10 ; 

1 


4 

— 

— 

4 


1:20 

=h 

— 

4 

— 

— 

4 


l;40 

— ; 

— 

4 , 

— 

— 

1 

O 2 

1:2.5 

4, 

4 

4 

3 1 

4 

4 


1 1 :5 

■i 

4 

4 


db 

4 


l:I0 


=b 

4 


— 

3 


1:20 

— 

— 

4 

— i 

— 

1 


1:40 

— 

— 

3 


— 


O 3 

1:2.0 

4 

4 

4 

! 4 

4 

4 


1:5 

4 

4 

4 


1 

4 


1:10 i 

4 

4 

I 4 


— 

4 


1:20 

2 

— 

> 4 

' 1 i 

1 _ j 

9 


1:40 

4 

— 

4 

* I 

~ ] 

— 

Ojj 

1:2.5 

4 

4 

4 

•1 

4 

4 


1:5 

4 

4 

4 

zb 

zb 

4 


1:10 

2 

4 

4 

— 

- 

4 


1:20 

zb 

— 

4 

— 

- 

4 


1:40 


1 „ 

4 

— 

— 

1 

Standard antigen 

1:2.5 

4 

i 4 

4 

4 

4 

4 

(control) 

1:5 

4 

4 

4 

zb 

zb 

4 


1:10 

2 

! 4 

4 

— ■ 

— 

4 


1:20 

1 

! __ 

4 

- 

- 1 

2 


1:40 

i ' 

1 — 

4 

— 


1 


* Titers same as in Table 7. 


of the control antigen, while at 1 C. the reactions are slightly stronger than the 
control. Antigens Oi, O2 and O3J gave progressively stronger reacdons with 
increased temperatures which is the typical reaction with s.vphilitic serums. 
xVntigen O3 gave stronger reactions at 1 C. than at room temperature which maj’’ 
occasionally occur without seriously affecting the interpi’etation of the test, pro- 
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vided the reactions at 37 C. are stronger tlmn those given at cither 1 C. or room 
tomperatiire. 

The results of the? trijile quantitative procedures, employing the four corrected 
antigens and a control standard antigen with two syphilitic serums, are presented 
in Table S. It is evident that the quantitative reactions given bv the. corrected 
antigens are similar to those given by the control antigen. A typical S 3 'phiiitic 
type of reaction is observed with each antigen, .showing weake.st precipitation in 
the semm dilutions with water, stronger in the dilutions with 0.9 per cent sodium 
chloride and stronge.st in the <Iilutions with 2.5 per cent sodium chloride. An 
additional verification technic, the salt di.spersibiliri' of the precipitates, was 
applied to the difTerential temperature and triple quantitative technics. It was 
found that the precipitates, both of the corrected antigen tests and control tests, 
were nondispersiiile, a characteristic of precipitates with syphilitic serums. 


SUMM.VRY 

Studies on the eflect of lecithin on Kahn antigen led to .se’veral obser\'ations. 
Lecithin has a marked effect on lioth the titer and .sensitivity of the antigen. It 
reduces the amount of .salt .solution necessan- in the titer and it reduces the sensi- 
tmtA’ of the antigen with sj'philitic semms. An antigen showing no titration 
end point (because of nondispei-siblc aggregatc.s throughout the titration range) 
and outside the range of correction bj' the usual methods, ma.v be so modified In* 
lecithin as to give a desirable titer and correct sen.sitivity. The degree of reduc- 
tion in sensitivit.v of an antigen is directlj' related to the concentration of lecithin 
added. The origin of lecithin, as to whether it is prepared from beef heart, soy- 
bean or egg j'olk, is appai-enth' of no significance insofar as its effect on the anti- 
gen is concerned. Oversen.siti^'e antigens corrected with lecithin were found to 
behave like standard antigen, not only in the standard Kahn test, but also in the 
differential temperature and triple quantitati\'e technics of the verification test. 
Lecithin added to undersensitive antigens did not markedly alter the titer nor the 
sensitivitA'. Choline In'drochloride added to either overeensitive or under- 
sensitive antigen behaved somewliat similarb’’ but le.ss elfectivelj* than lecithin. 
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THE EFFECT OF LIPIDS ON MIN ANTIGEN 

II. IkCRE.\SB of SENSITmTY BY THE ADDITION OF CePHALIN* 

ALBERT H. WHEELER, Dr.P.H., ELLA M. BRANDON, A.B., and 
REUBEN L. KAHN, Sc.D. 

From the Serology Laboratory, University Hospital, University of Michigan, 

Ann Arbor, Michigan 

In the preceding article,® it was shown that lecithin added to Kahn antigen 
reduces its sensitivity with syphilitic semms. This observation was found to 
have practical application in correcting oversensitive antigens to the sensitivity 
of standard Kahn antigen by the addition of appropriate amounts of lecithin. 
The question arose as to whether it would be possible to correct undersensitive 
antigens to standard requirements by adding some lipid which possessed the 
property of increasing antigen sensitivity. The use of cephalin suggested itself 
for trial. Accordingly, an attempt was made to e.vtract cephalin from com- 
mercial soy bean lecithin, beef heart muscle and from cnide sheep brain cephalin. 
The resulting phosphlolipid solutions were added in various amounts to antigens 
of different sensitivities and the effects studied. Data will be herewith presented 
indicating that cephalin increases the sensiti\'ity of undersensitive antigens and 
that this lipid may be emplej’^ed in correcting such antigens to the requirements 
of standard Kahn antigen. 


JLATBRIAL AND METHODS 

Antigens. Three undersensitive antigens, Ui , Uz and Us , and three over- 
sensitive antigens, Oi , O 2 and O 3 , were emplo 3 '^ed in this stud 3 \ 

Cephalin prepared from '‘Central Soya Lecithin." The following method was 
emploirnd: Fifty gm. of the crude lecithin were e.xtracted vith 1 liter of hot ab- 
solute methjd alcohol and filtered. The filtrate was kept overnight in the 
ice box and the ciystalline precipitate was filtered off. A 50 per cent aqueous 
solution of cadmium chloride was added to the filtrate until no more precipitation 
occurred. This material was stored overnight in the cold; it was then centrifuged 
and the precipitate washed several times with absolute methyl alcohol until the 
supernatant was almost colorless. The precipitate was dissolved in 200 ml. of 
petroleum ether and extracted thirty times with 25 to 50 ml. volumes of 80 per 
cent ethjd alcohol. The petroleum ether e.xtract was distilled to dryness and 
the residue dissolved in 100 ml. of chlorofonn. Method alcohol saturated with 
ammonia was added to the chloroform solution until precipitation was complete. 
The solution was then shaken Anth 50 ml. of saturated sodium chloride solution. 
Normal hydrochloric acid Avas added until the aqueous phase A\'as slightly acid. 
The chloroform Avas draAvn off and shaken AAlth saturated sodium chloride until 
the aqueous phase Avas neutral. Where necessary, 95 per cent ethjd alcohol 
Avas added to break the emulsion. The chloroform solution AA^as concentrated 

* Aided bj" a grant from theDifeo Laboratories, Inc., Detroit. Received for publication, 
September 28, 1946. 


130 



EFFECT OF CEPHAEIN OX KAHX AXTIGEX 


131 


almost to drjmess by vacuum distillation, using a wood splint to prevent bump- 
ing. Fifty ml. of absolute ethyl alcohol vere added to the residue. This solu- 
tion was allowed to stand overnight at 21 C. It was then filtered and 0.6 per 
cent cholesterol was added. Three solutions of this cephalin, A, B and C, were 
available for study. 

Cephalin prepared from beef heart muscle. The preliminary steps consisted in 
apphdng the technic for the isolation of lecithin described by Pangbom." An 
alcoholic extract of beef heart pre\iously dried by acetone was precipitated with 
cadmium chloride and the precipitate extracted thirty times with a petroleum 
ether— 80 per cent alcohol mixture (3:1). This extract was distilled to drxmess 
and the residue dissolved in 100 ml. chloroform. The remainder of the purifi- 
cation process was the same as described above for the preparation of =03^ bean 
cephahn. Two solutions of this cephalin, D and E, were available for stud.v. 

Cephalin prepared from coinmercial sheep brain cephalin (Difco). A solution of 
cephalin was prepared b\’' dissohdng 10 gm. of the reddish brown powder in 40 ml. 
of anesthesia ether. Then 100 ml. of hot 0.6 per cent cholesterolized absolute 
alcohol was added, the mixture was thoroughh- shaken and allowed to cool. It 
was filtered and the precipitate discarded. This solution was heated in an open 
flask until no ether odor was detectable. It was refiitered and made up to a 
volume of 100 ml. with noncholesterolized absolute alcohol. This solution was 
designated as F. The concentrations of the cephalin solutions were as follows: 


PESIO'ATTON 

CEPHAXIN" CONCENTRA- 
TION* IN PER CENT ; 

] 

SOURCE 

A 

2.7 

Soy bean 

B 

0.6 

1 part of A plus 4 parts cholesterolized alcohol 

C 

I 0.9 

Soy bean 

D 

I 2.8 

Beef heart (50 per cent concentrate of E) 

E 

1.4 

Beef heart 

F 

2.1 

Sheep brain 


* Calculated for P = 3.S per cent in cephalin. 


It should be added that we do not consider the above cephalin preparations to 
be . of high purity. Indeed, we consider them to be cephalin-like compounds 
onl\'. Preliminaiy experiments indicated that these preparations tended to 
increase the sensitivity of undei'sensitive-Ixalm antigen and hence, were utilized 
in this stud\u 

Methodpf antigen Hlration. This technic has been descriljed in the preceding 
article.^ 

Method of antigen correction. The technical procedure for the correction of 
antigens to standard sensitirity is essentialh’ the same as presented in the pre- 
ceding article. Ten ml. samples of antigens were diluted with 1 per cent, 5 per 
cent and 10 per cent, respectiveh', of a given cephalin solution and titrated nith 
0.9 per cent sodium chloride solution. After an acceptable titei vas obiained, 
the sensitivity of the antigen was tested with sj'philitic and nons\-philitic serums, 
emplojdng Kahn standard antigen as a control. 

Further adjustments were made when necessary, either by increasing or de- 
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creasing the amount of cephalin added to the antigen, or by the use of established 
methods in antigen standardization considered in the preceding article, i^biti- 
gens corrected to the sensitivitj'- of standard Kahn antigen Averc then applied to 
the supplementary Kahn procedures. 

EXPERIMENTAL 

1. Effect of cephalin on the titration picture of under sensitive antigens. Three 
undersensitive antigens, Ui , U 2 and Ug were diluted vith 1 per cent, 5 per cent 
and 10 per cent of cephalin solution B. Titrations were performed on the diluted 
antigens emplo 5 '-ing 0.9 per cent sodium chloride solution. Control titrations 
Avere made on these antigens Avith corresponding dilutions Avith cholesterolized 
alcohol. The results of this experiment are gi\’^en in Table 1. 

An examination of Table 1 sIioaa-s that an addition of as little as 1 per cent of 
cephalin solution B to antigen Ui is sufficient to change its titration picture. A 
cloudj’’ zone is apparent A\'ith the increase in salt solution upon the addition of 
1 per cent and 5 per cent of the cephalin solution. With the 10 per cent addition, 
cloudiness persists throughout the titration, indicatiA^e of marked oA’-ersensitiA'it}'. 
The dilutions AA'ith cholesterolized alcohol improA^ed the titration picture of anti- 
gen Ui but AA-ere not sufficient to giA’-e a Avorkable titer. Antigen U2 behaved 
someAvhat similarly to Ui and the 10 per cent dilution AA’ith cephalin gaA’-e a titra- 
tion picture suggesting marked OA'ersensitiAut}'. Antigen Ug , AA'hich gaA^e a 
AA’orkable titer in its original state, although not the desired titration picture, Avas 
markedl}" affected b}’^ the addition of ceijhalin. As little as 1 per cent dilution 
Avas sufficient to- give heavy aggregates in all tubes, indicating high oA'ereensi- 
tivity. This antigen could be corrected to standard sensitiA’ity by the addition 
of cholesterolized alcohol AA'ithout, hoAA-eA'er, imj^roAung the titration picture. 

2. Effect of cephalin on the titration picture of oversensitive antigens. Portions 
of OA^ersensitive antigens Oi , O2 and O3 AA’ere diluted AAith 1 per cent, 5 per cent 
and 10 per cent of cephalin solution B and AA’ith cholesterolized alcohol as con- 
trols. Titrations AA’ere carried out on these samples in the usual manner. The 
results are summarized in Table 2. 

It is apparent from Table 2 that the titration pictures of oA’^ersensitKe antigens 
diluted AA’ith cephalin solution A change in the direction of eA^en greater OA^ersensi- 
tivity and .shoAV heaA’y aggregates tlu’oughout the titration zone. Dilution of the 
antigens AA’ith cholesterolized alcohol did not alter the titration picture 
significantly.' 

3. Effect of various cephalin preparations on the titration picture of undersensitive 
antigen. PreAdous experiments shoAA'ed® that the ability of lecithin solutions to 
reduce the turbidity in titrations of OA^ersensitiA’e antigen increased AA'ith increas- 
ing concentrations of lecithin; also that the source of lecithin AA’as apparently 
unimportant. Coi’responding e.xperiments AA’ei-e cai-ried out AA’ith cephalin solu- 
tions and undersensitive antigens. 

FiA’e cephalin solutions AA’ere employed: solution A (2.7 per cent) and solution 
C (0.9 per cent) from soy bean, solution D (2,8 per cent) and solution E (1.4 
per cent) from beef heart, and cephalin solution F (2.1 per cent ) form sheep brain. 



|)ali'R(;cul lloiivy iigp;. Heavy ukk- Heavy agg. Opalcaecnl ()l)aleRceut, OpaleKcoat 

• I'loar Heavy agg. Heavy agg. Heavy agg. Bl. eloar SI. clear Opalefjcoiit, 



TABLE 2 

Ili^ustration of the Effect of Cephalin on the Titration Picture of Oversensitive Antigens 
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Antigen Ui v.ns diluted mth 1 per cent, 5 per cent and 10 per cent of each of these 
solutions. Controls Vidth 0.6 per cent cholesterolized alcohol were also emploj'ed. 
Titration results are shown in Table 3. 

Although the number of cephalin solutions is limited, it appears from the data 
in Table 3 that two factors, source and phosphorus concentration, pla\* a part in 

TABLE 3 

Effect of Various Coxxextratioxs of Soy Beax and Beef Heart Cephalix ox the 
Titration Picture of ax L'xdersexsiti^t: Antigen* 


CZTRMTS SOLXrXlOK 


Aiior:«’rs is 

ITL. OF 


TI7R.^T10X aiLUJIKCS OF ANTICF.:* Ul DtLCTFD V.TT2 VARIOUS 
PERCEKTAGZS OF DIFFERUKT CE?R.\I.IX SOLUTION'S 


Desig- 

nation 

1 

■ Source 

i Coacen- ; 
j Iratioa, i 
cent ; 

/07T1GES* ANT) ; 
S-\LT ■; 

SOLUnOK 1 

J 

1 per cent 

1 5 por cent 

10 per cent 

A 

j Sovbean 

i 07 i 

1 

-h 1.1 1 

Tr. cloudy 

1 Cloudy, fuzzy 

Cloudy, agg. 


! 

5 

1 

i 

1 

d-1.3 i 

Tr. clear 

1 Cloud}', fuzzy 

Cloudy, agg. 


i 

; f 

‘ J 

1 

-fl.o > 

Opalescent 

Cloudy, fuzzy 

Cloudy, agg. 


j 

i i 

j ! 

1 

-f 1-7 j 

Tr. cloudy 

1 Cloudv, fuzzv 

Cloudy, agg. 

c 

1 Soybean 

} /I 

1 0.9 1 

1 

-f 1.1 i 

SI. clear 

! Tr. cloudy 

Cloudy, agg. 


1 

1 ! 

1 

-M.3 j 

SI. too clear 

i Tr. clear 

Cloudy, agg. 


1 

i 

1 

-h 1.5 i 

Too clear 

! Tr. cloudy 

Cloudy, agg. 


1 

) ! 

! i 

1 

-f 1.7 

Waterj' clear 

; Tr. cloudy 

SI. cloudy 

D 

1 

1 Beef heart 

! 2.S i 

1 

I 

^ 1.1 ■; 

SI. too clear 

! Tr. cloudy 

Heay}' agg. 


1 

i i 

1 

-r 1.3 i 

Too clear 

! Tr. cloudy 

Heavy agg. 


1 

i ! 

1 

-f- 1.5 j 

Watery clear 

! SI. cloudy 

Hea\w agg. 


1 

! i 

1 

-f 1.7 I 

Watery clear 

Cloudy, agg. 

Heayy, agg. 

E 

i 

j Beef heart 

i t 

! 1-4 j 

1 

-4- 1.1 i 

Tr. clear 

1 

* Opalescent 

Opalescent 


\ 

] 

1 1 

1 

+ 1.3 I 

Too clear 

SI. clear 

Tr. clear 


i 

1 i 

1 

-f-1.5 ' 

Watery clear 

SI. too clear 

Tr. cloudy 


\ 

\ 

1 

1 

^1.7 1 

r 

Watery clear 

Too clear 

Tr. cloudy 

E 

\ 

1 Sheep 

' 2.1 ! 

1 

1 

A 1.1 I 

Tr. cloudy 

i , 

SI. cloudy 

Cloudy 


1 brain 

i j 

1 

-f 1.3 ; 

Too clear 

Tr. cloudy 

Cloudy 


1 

( 3 

; » 

1 

-f 1.5 1 

Watery clear 

Too clear 

Tr. cloudy 


\ 

} 

' i 

; » 

1 

-r 1.7 ; 

Watery clear 

Too clear 

SI. cloudy 

0.6 per cent cholesterol- i 

1 

-h 1.1 i 

SI. too clear 

SI. too clear 

SI. clear 


ized alcohol 


] 

-rl.3 i 

Watery clear 

Too clear 

SI. too clear 




1 

-u 1.5 “ 

Watery clear 

Watery clear 

Too clear 




1 

-f 1.7 > 

Watery clear 

Watery clear 

Watery clear 


determining the actiNdty of cephalin.. the latter being taken as a measure of -the 
cephalin concentration. K the actitities of the two soy bean extracts or the two 
beef heart extracts are compared to each other, then in either case the solution 
containing the higher concentration of cephalin, solution A or D, causes heavier 
aggregation in the titration picture than does the preparation contaim'ng the 
lower cephalin concentration, solution C or E, 
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In a further comparison made between soy bean cephalin A (2.7 per cent) and 
beef heart ceplialin D (2.8 per cent) it appeal’s, especialij’’ in the 1 per cent dilu- 
tions, that the former is somewhat more active than the latter. This greater 
acti\aty of the soy bean product over the beef heart product becomes more ap- 
parent when the titration pictures Avith soy bean cephalin C (0.9 per cent) and 
beef heart cephalin E (1.4 per cent) are compared. The soy bean extract is 
considerably more actiA'^e although its cephalin content is only about 70 per cent 
of that of the beef heart solution. 

On the basis of the cephalin concentrations and the titration pictures obtained 
AAuth the sheep brain cephalin solutions, it is difficult to determine Avhether its 
effect on undersensitive antigen is more closelj^ comparable to that of the beef 
heart cephalin or to the soy bejin product. It is apparent, hoAA’ever, that the 
sheep brain cephalin solution increases the aggregation in the titration, A\ffiich is 
indicatiA^e of increased sensitiA'ity. 

4. The sensiiiviiy and specificity adjiislments of undersensilive antigens corrected 
with cephalin. In the preliminary steps for the correction of undersensith'^e 
antigens, titrations AA^ere carried out on samples Avhich had been diluted AAuth 
1 per cent, 5 per cent and 10 per cent of A’^arious cephalin solutions. The results 
of these trials indicated the more exact dilutions necessai-y for an acceptable 
titer and titration picture, inien these Avere arrived at, the antigens AA-ere 
tested against Aveakij’- positive sj'^philitic serums. On the basis of these sensi- 
tiAuty tests, final adjustments Avere made by dilutions AA-ith cholesterolized 
alcohol or by small changes in the titer. An illustration of these steps in antigen 
correction is presented in Table 4 AA-ith antigen Uj. 

Table 4A shoAA's that dilution of antigen Ua AAith 2 per cent of cephalin solution 
B giA’-es an acceptable titration picture and that dilution AAith 3 per cent gives a 
Avorkable titer but a rather flat titration picture. In either case, the titer AA'ould 
be approximately 1 + 1.1. It is seen in part B of this table that serum tests 
AAith the antigen diluted AAith 2 per cent of the cephahn solution at the titer 
1 + 1.15 and Avith the antigen diluted AAith 3 per cent of the cephalin at 1 + 1.2 
Avere undersensitiA’'e, and the negatiA’^es appeared too clear. The antigen diluted 
AAith 3 per cent of the cephahn solution aa^us retested AAith serums employing 
titers of 1 + 1.15 and 1 + 1.1. The results AA-ere still imdersensitiA’'e and the 
negath'^es shghtly too clear. A second check AA-as made on this antigen at a 
titer of 1 + 1.1 after it had been diluted AAith 10 per cent of cholesterohzed 
alcohol. In this case (sei-ums 11 to 15 in the table), the opalescence of the 
negatives AA^as satisfactory and the sensitivit}'' results AA-ere similar to those 
obtained AAith standard Kalin antigen. 

Each antigen AA^as thus adjusted to .standard sensithity and the final methods 
of corrections are given in Table 5. 

In correcting antigen Ui, both cephalin and lecithin AA-ere employed. Since 
one hpid increases and the other decreases sensitivity, it AA-as found possible 
to offset some excess of one lipid by the addition of the other. This antigen 
AA-as corrected by dilution AAith 15 per cent of cephalin B plus 4 per cent of lecithin 
B plus 10 per cent of cholesterolized alcohol; the titer Av-as 1 + 1.3. Antigen Uj 
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Vi-as corrected, as indicated above, by dilution vdtb 3 per cent of cepbalin B and 
10 per cent of cbolesterolized alcohol; the titer was 1 -f 1.1. Antigen Us was 
borderline in sensitivity and cephalin was not found helpful. It was corrected, 
by 5 per cent cbolesterolized alcohol and 1 per cent lecithin solution C; the titer 
was 1 + 1.3. 


TABLE 4 

Sensitivity .Adjustment of an Undersensiti\-e Antigen Coeeected with Cephalin 
A. Determination of titer according to the opalescence of the antigen suspension 


AHOCKTS II7 j 
, iO.. or AKTI- j 
GEK AK1> i 
SALT 

SOLUTION 1 

TlTKATrOK KEIADIKGS OT UK- i 
COZKXCTED AKnCEI? 

r 

j TITRATION readings OF ANTTGEIf III DILtrTED VTTH VARIOVS 

i PEECESTAGES OF CEPHAUN SOLCTION B 

1 

1 per cent 

j 2 per cent j 

3 per cent 

1 -f 1.1 

Tr. clear 

Tr. clear 

Opalescent 

Opalescent 

1 -f 1.3 

SI. too clear 

SI. too clear 

SI. too clear 

Tr. clear 

1 -f 1.5 

Water 3 ' clear i 

Too clear 

Too clear 

Tr. clear 

1 + 1.7 1 

Watery clear 

Watery clear 

Watery clear 

SI. clear 


B. Adjustment of titer according to antigen sensitivity with syphilitic serums 


STTUH 

2 PEE ccrr CEPHAEIS B j 

i 

f 

3 PEP. CENT CEPHALIN B 

standard antigen 

(CONISOL) 


Titer 1 + 1,15 

Titer 1 + 1.2 


Titer 1 + 1.2 

1 

1 

- 1 3 


- 4 4 

2 

- 4 4 

- 3 4 


3 4 4 

3 

2 4 4 i 

3 4 4 


4 4 4 

4 

5 

T 1 

■i\ 1 

1 1 

±4 


- 4 4 


! 

Titer 1 + 1.15 


Titer 1 + 1.2 

6 

I 

.4 


4 

7 


- 1 4 


- 4 4 

8 


- 2 4 


±44 

9 

10 


- 2 4 1 


- 4 4 

1 


Titer 1 + 1.1 


Titer 1 + 1.2 

11 i 


±44 


±44 

12 ] 


±44 


±44 

13 ! 

i 

— 44 


- 4 4 

. • 14 I 


- 2 4 


- 4 4 

15 1 

j 

3!e 


— — * — 


* Negative reactions opalescent. 


Another sample of antigen Ui was corrected bj^ adding 3 per cent of commercial 
cephalin solution F (instead of purified cephalin) and 25 per cent of cholestero- 
lized alcohol. The titer of this antigen was 1 + 1.3, and it shall be referred to 
hereafter as antigen UiF. 

5. The use of antigens corrected vnlli cephalin in the Kahn differential temperature 
and triple quaniiialive technics of the verification test. The technics for carrying 














138 


■nTHEELER, BRANDON AND KAHN 


out these tests were exactly the same as those described in the preceding paper® 
in respect to oversensitive antigens. . 

Ten pooled syphilitic serums were tested in the differential temperature 
technic with corrected antigens, Ui, UiF, U2 and U3, alongside a control vith 
standard Kahn antigen. The results of these tests are summarized in Table 6. 

. If the reactions of the ten serums with antigens Ui, UiF, U2, U3 and standard 
antigen control are compared, it will be observed that at each temperature the 
results are almost identical, indicating' that the sensitivity of the corrected 
antigens is the same as that of an approved lot of Kahn antigen. No significant 
differences occurred in the reactions vith antigen Ui, corrected Avlth cephalin 
solution B, and with antigen UiF, corrected with commercial cephalin solution F. 

If the comparisons are made pf the reactions with each antigen at 1 C., room 
temperature and 37 C., it ■will be noted that the reactions at the first two tempera- 
tures are about the same and some reactions at 37 C. are somewhat stronger 


TABLE 5 

Methods of Final Coriiection of Undersensitive Antigens 


1 

ANTIGEN 

ADJUSTifENT BY DILUTION WITH: 

TITEE 

Ui 

15 per cent cephalin solution B 

4 per cent lecithin solution B 

10 per cent cholesterolized alcohol 

1 + 1.3 

u. 

3 per cent cephalin solution B 

10 per cent cholesterolized alcohol 

1 + 1.1 

U 3 * 

1 per cent lecithin solution C 

5 per cent cholesterolized alcohol 

1 + 1.3 

U,F 

3 per cent cephalin solution F 

25 per cent cholesterolized alcohol 

1 + 1.3 


* Borderline in sensitivity. 


It is not uncommon to find that pooled S3’’philitic serums show similar reactivity 
at the three temperatures, a situation in which the salt dispersibility teclmic aids 
in the differentiation between sj^philitic and nonsj'philitic reactions. 

As a further check on the sensitivity of the corrected antigens, they were 
emplo5’-ed in the triple quantitative procedure w-ith two sj^philitic serums. The 
same serums were used with control antigen, Lot 85. The results of these tests 
are presented in Table 7. 

It is seen from the table that the reactions of both serums vith antigens 
Ui, UiF, U2 and U3 are similar to those of the control tests. The variations are 
insignificant. 

6. The antagonistic effect of lecithin and cephalin on antigens. In Table 5 it 
was shown that the correction of antigen Ui was brought about by the employ- 
ment of lecithin in addition to cephalin and cholesterolized alcohol. It seemed 
worthwhile to perform an experiment shoving more clearly the antagonistic 
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effect of cepffalin and lecithin on an oversensitive and on an nndersensitive 
antigen. A sample of each was first diluted vith 10 per cent of cephalin solution 

TABLE 6 


Undeesensiti'v'e Antigens Corrected to Standard Sensitivitt bt the Addition of 
Cephalin and Lecithin in the EL^hn Differential Temperathre Technic 


j 

SZZTJH j 

i 

AKTIGEJt Ul 

1 1.3 

AjrnoEK TJiF* 

1 4- 1.3 

asticekUi 

1 + 1.1 

AKTICEK XJj 

1 4- 1.3 

STAKDAED AKTI- 
GEK (COKTEOI.) 

1 4- 1.2 

Results at 1 C. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 [f ft- 1 1 IHI- 1 

1 

±44 
14 4 

- 2 4 
14 4 

±44 

±44 

4 4 4 

- 2 4 

1 

±44 

±44 

- ± 4 
±44 
±44 
±44 

3 4 4 

- 1 4 

- ± 4 
±34 

- zb 1 

- 3 4 
1 

- ± 4 

4 4 4 

- 1 4" 

± 1 4 
±44 

- 4 4 
±44 
±44 

4 4 4 

- 1 4 

Results at room temperature 

1 

2 

±44 

±44 

±44 

±44 


3 

±44 

±44 i 

±44 

±44 

±44 

4 

- ± 3 i 

i 4 

± 3 

- ± 3 

- ± 4 

5 

- 4 4 

- 4 4 

- 4 4 

- 4 4 

- 4 4 

6 i 

±44 

±44 

±44 

±44 

±44 

7 ! 

- 3 4 i 

- 3 4 

- 2 4 

- 3 4 

- 4 4 

8 ! 

4 4 4 ! 

4 4 4 

4 4 4 

4 4 4 

4 4 4 

9 

10 

- 1 3 

— 

- 1 4 

- 4 4 

- ± 4 

- 1 4 

Results at 37 C. 

1 

2 

14 4 

14 4 

2 4 4 

±44 

i 

14 4 

3 

2 4 4 

2 4 4 

3 4 4 

' 2 4 4 

2 4 4 

4 

±44 

±44 

±44 

±44 

±44 

5 

14 4 

±44 

14 4 

±44 

±44 

6 

2 4 4 

14 4 

14 4 

1 4 4 

14 4 

7 

2 4 4 

±44 

±44 

±44 

±44 

8 

4 .4 4 

4 4 4 

4 4 4 

4 4 4 

4 4 4 

9 

- 4, 4 

- 4 4 

- ± 3 

- 4 4 

- 4 4 

10 

— — — 



— — 

— — 

_ — 


* Corrected commercial cephalin F. 


B and titrated in the usual manner. Then, this sample (antigen plus cephalin) 
was further diluted vith 10 per cent of lecithin solution A, and retitrated. The 
results of these experiments are shown in Table 8. 
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It can be seen that with both the oversensitive and undersensitive antigens 
the aggregates in the titration were made heavier by the addition of cephalin, 
indicating increased sensitivity, and that these aggregates were markedly reduced 
by the addition of lecithin, indicating decreased sensitivity. 

TABLE 7 

Undersensitive Antigens Corrected to Standard Sensitivitt bv the Addition of 
■ Cephalin and Lecithin i.n the Kahn Triple Quantitative Technic 


SERIAL DILUTIONS OT SERUM PREPARED WITH VARIOUS PERCENTAGES 
OF SODIUM CHLORIDE SOLUTION 


ANTIGEN 

SERUM 

DILUTIONS 


Serum 1 



Serum 2 




0 per cent 

09 

per cent 

2.5 

per cent 

0 per cent 

0.9 

per cent 

2.5 

per cent 

Ui 

1:2.5 

4 

4 

4 

4 

4 

4 


1:5 

4 

4 

4 

— 

— 

4 


1:10 

3 

4 

4 

— 

— 

4 


1:20 

— 

db 

4 

— 

— 

3 


^ 1:40 

— 

— 

4 

2 

— 

2 

U,Ft 

1:2.5 

4 

4 

4 

4 

4 

4 


1:5 

4 

4 

4 

1 

1 

4 


1:10 

2 

4 

4 


— 

4 


1:20 



4 

— 

— 

4 


1:40 

— 


4 

— 

- 

2 

Us 

1:2.5 

4 

4 

4 

4 

4 

4 


1:5 

2 

4 

4 

± 

bb 

4 


1:10 

1 

4 

4 

— 

— 

1 4 


1:20 

— 

— 

4 

— 

— 

' 2 


1:40 

— 

— 

4 


— 

1 

Us 

1:2.5 

4 

4 

4 

4 

4 

4 


1:5 

4 

4 

4 

1 


4 


1:10 

1 

4 

4 

d= 

— 

4 


1:20 

1:40 

2 

± 

4 

1 

““ 

3 

Standard antigen 

1:2.5 

4 

4 

4 

' 4 

4 

4 

(control) 

1:5 

4 

4 

4 


zt 

4 


1:10 

2 

4 

4 

— 

— 

4 


1:20 

1 

— 

4 

— 

— 

2 


1:40 

1 

— 

4 

— 


1 


* Titers same as in Table 6. 

' t Corrected with commercial cephalin F. 


The antagonistic effect of cephalin and lecithin is of interest and should prove 
of practical value in antigen standardization* Recent studies with cardiolipin 
antigen' • - • ® indicate that the various lipids in an antigen must be present in 
definite proportions. The two highly purified phospholipids, cardiolipin and 
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lecithuij \vith cholesterol in the right proportions, give good sensitivity results 
with sj’philitic serams, while in improper proportions, antagonistic effects mn y 
lead to negative results with the same serums. It thus seems reasonable to 
assume that the proportions of various phospholipids present in routinely 
prepared Kahn antigen would affect its titer and sensiti\dty. In practice, the 
antagonism of lecithin and cephahn may be utilized in the standardization of 
antigens. For example, a freshh’’ prepared antigen extract is found to be over- 
sensitive. An amount of lecithin, supposedly appropriate, is added, but found 
to be excessive, as indicated by the undereensitirity of the antigen. Obviously, 
the simplest step is to add a small amount of cephalin to raise the sensitirity to 
standard requirements. 


T.4BL-E S 


The .AxTAfioxisTic Effect of Lecithin* .an*d Cephalin* in* the Titration* of .\n*tigen*s 


5 

AiIOUN~rS IN’ i£L. , 
OF AKTICE.V AKD i 
SALT SOLUTION | 

A. UNCOERECTED AimCEN 

. 

B. 10 PER CENT DILUTION OF A 
vriTE CEPH.ALIN SOLUTION B 

C. 10 PER CENT DILUTION OF B 
WITH LECITHIN SOLUTION A 

Oversensitive antigen 

i -f 1.1 1 

Heavy agg. 


Heavy agg. 

Cloudy 

1 + 1.3 1 

Cloudy 


Heavy agg. 

Cloudy 

1 -f 1.5 1 

SI. cloudy 


Heaiw agg. 

Too clear 

1 -r 1." 1 

Si. clear 


Hea\y agg. 

Too clear 

Undersensitive antigen 

1 + 1.1 1 

Tr. cloudy 


Heavj' agg. 

Opalescent 

1+1.3 1 

SI. too clear 


Heavy agg. 

Tr. clear 

1+1.5 i 

Too clear 


Heavy agg. 

SI. clear 

1 + 1.7 

SI. too clear 


Heav}' agg. 

SI. too clear 


SUMXL\Ry 

Cephalin affects the titer and sensitivity of Kahn antigen. It increases the 
amount of salt solution necessaiy in the titer and the sensitirity yith syphi- 
litic serums. An antigen gi\dng a titer with a small volume of salt solution, such 
as 1 -f 0.9, and undersensitive compared to standard Kahn antigen, may be 
modified by cephalin to give a titer with a larger volume of salt solution, such as 
1 + 1.3, and correct sensitirity. The e.xtent to which antigen sensitivity is 
influenced by concentration and origin of cephalin has not j’-et been fully estab- 
lished. Undersensitive antigens corrected \\*ith cephalin were found to behave 
like standard antigen in the differential temperature and triple quantitative 
technics of the verification test. Ovei-sensitive antigens were rendered still 
more oversensitive bj' the addition of cephalin. The antagonistic effect of 
cephalin and lecithin, the increase in sensitivity by the former lipid and the 
decrease in sensitiifity by the latter, make possible the use of either lipid or a 
combination of both in the correction of antigen. 
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INTRAOSSEOUS INFUSIONS IN INFANTS* 

J. T. ELSTON, M.D.,t E. Y. JAYNES, M.D.,t D. H. EAtTAIP, M.D., 

AND W. A. IRWIN, M.D. 

From the Departments of Pediatricsj Pathology and Radiology, Providence 
Hospital, Detroit, Michigan 

In recent years, increasing attention has been paid to the problem, of parenteral 
infusions in infants. It appears now that there is not onlj’- a constant but a safe 
portal of entry in the meduUarj^ ca^^ties of the long bones of the legs. 

Tocantins® discovered that fluids injected into the medullary cavity of bones 
in experimental animals entered the general circulation at a vei^’’ rapid rate. 
This principle applied to human infusions proved to have wide application where 
intravenous infusion was not practical or possible.®- ” Previously, the 
danger of dislodgment of fat vlth production of fat embolism had been ruled 
out.®* ® 

Since 1941, several articles concerning intraosseous infusion have appeared 
in the literature^ - indicating that this manner of infusion in the hands of many 
workers is satisfactoty, and that the incidence of complications is low. 

TECHNIC 

Our routine kit for intraosseous infusions is prepared and sterilized in advance, 
and contains the following: a Turkel trephine needle; a 2-cc. syringe; a 20- 
gauge needle; a 2-cc. ampule of one per cent procaine solution for local anes- 
thesia; a circumcision drape; a o-cc. syringe for aspirating the medullary cavity; 
and two or three gauze sponges. Alcohol-cleaned glass slides and a paraflSn 
lined tube containing heparin are kept available for preparation of bone marrow 
smears. The hands of the operator are thoroughly washed and rinsed vith 
alcohol, but rubber gloves are not used. 

The site chosen for pimcture is the upper one-third of the tibia or the lower 
one-third of the femur. Sternal infusion is not practical in children below the 
age of 3 to 5 years.” We prefer the tibia because the bone is directty beneath 
the skin and superficial fascia vith little or no muscle tissue intervening. A 
point is selected approximately one fingerbreadth below' the cartilaginous tibial 
tubercle and on the flat, superficial, anteromedial surface. This area is 
thoroughy cleaned with a suitable topical antiseptic. The circumcison drape 
is applied and a wheal is raised in the skin by injection of the local anesthetic. 
The subcutaneous tissues and the periostemn are then infiltrated with approxi- 
mately 1 cc. of the anesthetic solution. The outer needle with stylet in place is 
thrust through the skin and subcutaneous tissue and brought into contact with 
the bone; slight pressure is exerted to set the needle point in the periosteum. 
The needle is directed distaUy from the epiphj’-seal line, the stylet removed, and 
the rotaiy trephine inserted. A hole is bored through the cortex by rotarj-- 
motion of the trephine. iYhen the trephine enters the medullaiy cavity, there 

* Received for publication, October 11, 1946. 
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is a sudden drop in resistance. The outer needle is then pushed into the medul- 
lary cavity, using the trephine as a guide (Fig. 1), 

We do not bind the infant or the infant’s leg, but prefer to have the bab 3 ’- fiat on 
a table with his legs hanging over the edge. The free hand then supports the 
tibia or femur, and is used to exert counterpressure when the large outer needle 
is inserted into the cavity. An assisting nurse keeps the infant quiet and 
comfortable. After the outer needle has entered the medullaiy ca^^ty, the 
trephine is withdrawn and the bone marrow is aspirated. If bone marrow is not 
aspirated, the needle is not in proper position, the needle is not entirety through 



Fig. 1. Diagram op a Longitudinal Section in the Region op the Knee Joint 
IN A Full-terji, Newborn Infant, Showing the Lmpoktant Anato.mic 
Relations and the Correct Position of Needles for Infusion 


In the diagram the size of the joint cavity proper is purposely exaggerated 
Reprinted from Tocantins, L M., and O’Neill, J. F. : Complications of intraosseous 
therapy, Annals of Surgery, 122: 266-277, 1945, by permission of the J. B. Lippincott 
Company. 

the cortex, its lumen is obstructed by a spicule of bone, the bevel is in the posterior 
cortex, or it has passed through both cortices. If aspiration is not successful, 
rotation or gentle withdrawal of the needle may correct the malposition. In- 
fusion is not attempted until bone marrow is aspirated. Hfiien bone marroiv is 
aspirated, the infusion is started quickly in order to prevent clotting of the 
aspirated maiTow in the needle. 

When the transfusion is completed, the needle is rotated slightty to loosen 
it from its seat in the cortex and then withdrawn immediatety. A sterile pressure 
pad is placed over the puncture site and firm pressure maintained for five ininutes. 
This allows the blood in the defect to coagulate and form a seal. A sterile 
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pressure dressing is applied, but care is taken not to constrict the extremity. 
The dressing is removed in forty-eight hours. 

We have used two methods of infusing fluids: first, the direct injection yith 
a two-way stopcock connectmg S 3 Tinge and needle and the infusion flask; and 
second, the continuous intraosseous drip. For continuous infusion, the bone 
offers a firm emplacement for the needle which is not easily dislodged by the 
mfant. This constitutes one of the real advantages in using the medullarj’’ 
cavities for continuous infusion. 

Femoral puncture necessitates thrusting the needle through the suprapatellar 
bursa and the quadriceps femoris muscle but, otherwise, the technic is similar to 
tibial puncture. The site of choice is slighth'- medial and about two cm. above a 
line drawn through the cond 3 des. This site avoids passage of the needle through 
the main bod\' of the quadriceps femoris muscle. For continuous drip infusions, 
we prefer to use the tibia because the needle and tubing may be attached to the 
leg in such a manner that the knee joint does not have to be immobilized. In 
femoral puncture, the needle is placed through the quadriceps tendon and may 
work loose with flexion and extension of the leg. 

In our hands, this technic constitutes a quick and accurate method for bone 
marrow puncture. The rotarj* trephine offers the advantage of requiring 
little force, lessens the possibility of going through both cortices, and decreases 
the trauma to the periosteum and the bone. There are errors of technic which 
should be carefull^^ watched for and guarded against: both cortices may be 
pierced; the needle maj' be so directed that it lodges in the cortex and does not 
enter the medullary cavity; the bevel of the needle maj’- be onlj'- partly in the 
meduUaiy cavity; and if the cortex is comminuted in making the tap, leakage 
occurs around the needle subperiosteallv, or into the subcutaneous tissues 
(Fig. 2). 

HATE OF FLOW 

With direct injection of fluids, the rate of flow in 94 injections varied from 0.6 
cc. to 11.0 cc. per minute (average 4.2 cc. per minute) and with continuous drip 
in 18 injections, the flow varied from 15 to 40 cc. per hour. 

There is apparently little or no discomfort to slow infusions, but if the fluid 
is injected imder pressure, there is definite discomfort which ma\' be due to 
increased intramedullarj' pres.sure. 

' REVIEW OF CASES 

We have given 112 bone marrow infusions in 40 infants between the ages of 
12 hours and 20 months (Table 1). One of these infants weighed three pounds. 
Of the 40 infants, 29 are still alive and had no complications. None of the 
deaths was attributed either directty or indirectly to intramedullarv^ infusions. 
Of the 112 attempts at intraosseous infusion, 97 were successful on the first 
attempt. In onty one infant, despite two attempts, were we unable to use this 
method. In this infant, the cortex was imusualty dense. Eoutinety, antero- 
posterior and lateral x-ra\^s of the bones were taken one or two days following the 
last infusion and again from tlnee to six weeks later. 
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In most instances, the infusion fluid was whole blood but, when indicated, 
we also used 5 and 10 per cent glucose in distilled water and in saline; also 
plasma, Hartmann’s solution, ascorbic acid, Vitamin B complex, and penicillin. 
We have not used solutions of sulfonamides, insulin, antitoxins, or antiserums 
which have been given in this manner,* • *“ but would not hesitate to do so if 
the need arose. The amount and type of fluid given were determined by the need 



Fig. 2. Complications Resulting from Various Errors in Tech.nic of Inserting a 

Needle into the Marrow Cavity 

Each drawing represents a sagittal section of the manubrium and upper portion of the 
body of the sternum of an adult man. The same errors are possible when the long bones of 
the legs of infants are used. A, periosteum; B and C, sites of previous recent punctures.” 

of the patient. Blood infusions in newborn babies were usually given in amounts 
varying from 35 to 50 cc., and were repeated as often as three times a day. Older 
infants were given from 50 to 100 cc., depending on then size and need. One 
infant was given 1610 cc. of fluids during fifty-eight hours by continuous drip. 

Unsatisfactory infusions have been due to several causes. There may be 
extravasation of blood through the defect at the site of the foimer puncture. 
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TABLE 1 

SuilirARV OF 112 IXTRAVEXOTJS IXFCSIOXS IN 40 INFANTS 


i 

i 

IS- i 
TAST j 

jrtJir- 

BZZ 

1 

CUKICAI. DIACKOSIS 

ITETBOD Oj 
IKPUSION 

i 

1 

Erythroblastosis fetalis 

Direct 

2 

I Erythroblastosis fetalis 

Direct 

3 

1 Erj-throblastosis fetalis 

Direct 

4 i 

I Erythroblastosis fetalis 

Direct 

5 

Er 5 ’throblastosis fetalis 

Direct 

6 

i 

Toxic bone marrow de- 
i pression 

Direct 

7 

1 Lj'mphatic leukemia 

Direct 

S 

: Bronchopneumonia. 

Direct 

9 

Bronchopneumonia, inter- 
stitial pneumonitis 

Direct 

10 

1 Hypoplasia of bile ducts, 
obstructive hepatitis 

Direct 

11 

Premature, severe icterus 

Direct 

12 

i 

1 Erythroblastosis fetalis, 

' necrosis right lobe of 
liver 

Direct 

13 

Premature, intracranial 
hemorrhage 

Direct 

14 

' Second and first degree 
burns 

Direct 

15 

General spasticity, anoxic 
encephalopathy 

j Direct 

1 

16 

Diarrhea, deh 3 'dration 

1 Direct 

17 

1 Diarrhea, anemia eczema 

Direct 

18 

1 Bronchopneumonia 

Direct 

19 

1 Erj'throblastosis fetalis, 

! melena 

Direct 

20 

Erj'throblastosis fetalis i 

Direct 

21 

Celiac disease, toxic bone 
marrow depression 

Direct 

22 

Diarrhea 

Direct 

23 

Intussusception 

Direct 

■ 24 

Prematuritj' 

Direct 

25 

1 

’i 

1 

! 

Diarrhea, marasmus bron- 
chopneumonia lung 
abscess 

1 

Direct 

contin- 

uous 







TOTAL 


TAPS 








SU2S- 



03 

COlfPZJCA- 

IXCIDS IKrUSED 

BER or 


— 

tfi 


cc. nr- 


cn 

O 

TICKS 


rUSED 

*5 

O 

u 





o 

H 


C 


Whole blood 

50 

1 

1 

0 

None 

Whole blood 

375 

6 

4 

2 

None 

Whole blood 

190 

5 

5 

0 

None 

Whole blood 

145 

3 

3 

0 

None 

Whole blood 

330 

5 

5 

0 

None 

Whole blood 

100 

2 

2 

0 

None 

Whole blood 

25 

1 

1 

0 

None 

Plasma 

SO 

1 

1 

0 

None 

Whole blood 

190 

2 

2 

0 

None 

W^hole blood 

40 

1 

1 

0 

None 

TiTiole blood 

30 

1 

1 

0 

None 

Whole blood 

oS 

i 

1 

1 

0 

i 

None 

Whole blood 

45 

3 

1 

1 

None 

Whole blood 

370 

4 

3 

1 

I None 

i 

Whole blood 

125 

4 

1 

1 3 

1 

None 

i 

Plasma, 10 % 

00 

CO 

1 

1 

0 

i 

None 

glucose 

None 

0 

i 2 

1 0 

2 

None 

Wiole blood 

j oo 

I 1 

i 1 

0 

None 

Whole blood 

; 210 

! 3 

3 

0 

None 

Whole blood 

235 

0 

5 

3 

None 

Whole blood 

455 

i 9 

8 

1 

None 

Whole blood 

j 50 

1 

1 

0 

None 

Whole blood 

i 150 

1 

1 


None 

Whole blood — 

600 

! 6 

6 


None 

Hartmann's 
solution 5% 
glucose 






Whole blood. 

3315 

7 

7 

O 

Subcu- 

Hartmann’s 





taneous 

solution, 5 
and 10% 
glucose, 
vitamins 

B and C 

' i 




abscess 
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TABLE 1 — Conlinticd 







i NUiinF.K OF 






TOTAL 


TAPS 


IK- 








TANT 

NUM- 

BER 

CLINICAL DIAGNOSIS 

METHOD OF 
INFUSION 

FLUIDS INFUSED 

NUM- 
BER OF 
CC. IN- 


*3 

1/1 

3 

cr. 

U 

u 

COMPLICA- 

TIONS 





FUSED 

*rt 


3 







C 

H 

o 

3 

C/3 

C 

D 


26 

Diarrhea 

Direct 

Whole blood 

50 

1 

1 

H 

None 

27 

Diarrhea 

Direct 

Whole blood, 

990 

3 

3 

0 

A'one 



contin- 

plasma, 5% 








uous 

glucose 






28 

Diarrhea, vomiting 

Direct 

Whole blood, 

260 

4 

3 

El 

None 



contin- 

plasma, 








UOUS 

Hartmann’s 

solution 






29 

Pneumonia, anemia 

Direct 

Whole blood, 

75 

1 

1 

0 

None 


(nutritional) 


saline 






30 

Diarrhea 

Direct 

Whole blood 

40 

1 

1 

0 

None 

31 

Premature, vomiting 

Direct 

Whole blood 

60 

5 

2 

3 

None 

32 

Erythroblastosis fetalis 

Direct 

Whole blood 

120 

2 

2 

0 

None 


with general edema 








33 

Diarrhea 

Direct 

Plasma, 5% 

220 

2 

2 

□ 

None 



contin- 

glucose 








UOUS 







34 

Diarrhea 

Direct 

Whole blood. 

325 

1 

1 

□ 

None 



contin- 

5% glucose 








uous 







35 

Intestinal obstruction 

Direct 

Whole blood 

50 

1 

1 


None 

36 

Post-operative cleft 

Direct 

Whole blood 

75 

1 

1 


None 


palate 








37 

Bronchopneumonia 

Direct 

Whole blood, 

555 

2 


El 

None 



contin- 

penicillin. 








UOUS 

vitamins 

A and B 






38 

Feeding problem, poly- 

Direct 

Whole blood. 

260 

3 

3 


None 


avitaminosis 


saline 






39 

Bronchopneumonia nion- 

Direct 

Whole blood. 

275 

4 

4 

0 

None 


goloidism 


saline 






40 

Intracranial hemorrhage 

Direct 

Whole blood. 

200 

3 

3 

Kli 

None 


(due to birth?) 


saline 




1 


Tol.-ils .... 

112 

1 

97 ilS 






1 

1 




This occui-s particularly Avhen the infusion is given under pressure. Tocantins 
recommended that twenty-four hours be allowed to elapse between infusions in 
the same bone, but we have found that twenty-four hours is insufficient time. 
When more than one infusion must be given, we have made a routine practice of 
rotating the puncture sites, using first one tibia, than the other, followed bj’’ one 
femur, than the othei-. In several instances, however, we have infused into 
bones where the previous infusion was made less than twenty-four hours before. 
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If blood is forced through the site of a former puncture, the infusion should be 
stopped and a site in another bone selected. Other failures have occurred due to 
the piercing of both cortices with consequent extravasation into the soft tissues. 
Defective equipment, such as ill-fitting adapters on the ^'ringes and mis-matched 
barrel and plimger, have complicated several infusions to the point where they 
were considered imsuccessful. 

In the 40 infants in whom 112 bone punctures were made, we have had only 
one complication. A summan,- of this patient’s case is presented. 

REPORT OF CASE 

A 5 week old infant was transferred from the nureery to the Department of Pediatrics, 
three weeks before death, because of severe diarrhea and a low g^rade fever, both of which 



Figs. 3a .^XD ,3b (From left to right). X-ray films of the long bones of the legs (in- 
fant number I, Table I) taken six day.s following the last infusion. The changes in 
the right tibia Were interpreted as traumatic osteitis and periosteitis. 

Figs. 3c .^xd 3d. Films taken 2S days after the last infusion showed nearly 
complete resolution of this traumatic osteitis and periosteitis without treatment. 

had not responded to the usual treatment. The infant expired on the twenty -fourth hos- 
pital day and at necropsy the following diagnoses were made; marasmus, bronchopneu- 
monia with abscesses in lower lobe of right lung, fibrinopurulcnt pericarditis, chronic colitis 
of unknown cause, atrophic gastritis, polyavitaminosis, and subcutaneous abscesses of both 
thighs with no bony involvement. 

During the hospital stay, seven direct or continuous intraosseous infusions were given, 
and 170 cc. of whole blood, 310 cc. of plasma, and 2835 cc. of other fluids (total of 3315 cc.) 
were thus administered. 

It was the opinion at necropsy that the subcutaneous infection would probably not have 
occurred in a less debilitated infant and that, had this infant lived, the abscesses would 
have been oasilj' managed by simple incision and drainage. 

X-RAY STUDIES 

In some of our x-ray studies at three days, there was a “traumatic periostitis 
and osteitis.” These lesions were found on subsequent roentgenograms to 
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disappear within tw^o or three w'eeks (Fig. 3). This bony lesion healed in every 
instance without treatment and we believe that it does not constitute a real 
complication. 'We have noticed, at the site of puncture, a firm raised nodule 
which seems to be attached to the bone. Arbeiter and Greengard^ noted this 
also and believed that it represented bone formation at the site of puncture and 
could not be called a true complication. 


SUAIMARY 

The need for, and development of, a safe and readily available route of adminis- 
tering fluids into the general circulation of children has been discussed. The 
marrow cavities of the long bones of the legs have been used with success. This 
method offers a rapid and easily available route of administering fluids, especially 
in children w^here the intravenous route is either impractical or impossible. 

Our technic of intraosseous puncture and infusion has been described in detail. 
We believe that this technic alloAvs for greater safety and few'er failures than other 
technics that have been described. 

The incidence of complications in our series and in other series that have been 
reported has been very low' and in no way should be considered as an objection 
to the proper use of this method of infusion. 

A summary is given in Table 1 in wdiich 112 intraosseous infusions were at- 
tempted in 40 infants. Of these infusions, 97 w'ere successful on the first attempt 
and in only one infant w’ere we completely unsuccessful. Our only instance of 
complication in this series is reported, 
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EFFECT OF PENICILLIN AND ANTIANTHRAX SERUM IN 
EXPERi:\IENTAL ANTHRAX* 

KEXDEICK IVrcCULLOUGH, :M.D., axd ALFRED P. v. AUERSPERG, M.D. 

From the Laboratory of St. John's Riverside Hospital, Vonhers, X. Y. 

The object of this stud\' Avas to compare the effectiveness of antianthrax serum 
and penicillin, the two agents commonh* used in treating anthrax. A comparison 
of the effective doses of these agents has not yet been reported, although both 
have been used in human patients. Tlie senim has been used for many 3 ^ears. 
Penicillin has been used in recent instances, among them the series of Ellingson, 
Ivadull, Bookwalter and Howe^ who have reviewed the histoiy of the treatment 
of this disease. 

The source of the disease was a virulent culture of Bacilhts anlhracis furnished 
bj" the Dhdsion of Laboratories and Research, New York State Depai-tment 
of Health. It had been isolated post-mortem from the blood of a man who had 
died of ‘‘cellulitis” and septicemia following abrasions of the shoulder from 
canying rolls of roofing material made of wool. Preliminaiy work showed its 
growth inhibited bj^ penicillin in concentration of 40,000 Oxford units. 

The experimenial animals were white mice, guinea pigs and rabbits, weighing 
respective^ about 20, 300 and 1200 gm. Fort\'-seven mice, 22 guinea pigs and 
4 rabbits were infected bj' subcutaneous injection of the culture, which had been 
gro\ni three hours previously' in its vimlent rough phase in 2 per cent dextrose 
and triptose broth. The mice each received 0.1 cc. of broth, the guinea pigs, 
0.2 cc. and the rabbits, 1 cc. Eleven mice, 4 guinea pigs and 1 rabbit were 
kept as controls and the rest di\'ided into two series. One of these two gi-oups, 
containing 6 mice, 7 guinea pigs and 2 rabbits, received graded doses of penicillin 
intraperitonealh' four hours after the injection of anthrax. The other group, 
composed of 20 mice, 9 guinea pigs and 1 rabbit, similarly' received graded 
amounts of antianthrax seram four houis after injection of anthrax. The ani- 
mals, treated and control, were then observed for signs of anthrax. Those dydng 
were dissected and cultures were taken from the heart’s blood and spleen. The 
survivors were kept until all signs of disease were gone, then killed and dissected. 
Cultures of these were also taken. Histologic specimens of all animals were 
taken and examined. 

The animals dying of anthrax, controls and treated, ran a typical coui-se. 
There were few syunptoms until a few hours before death. Then thei-e was 
stupor, dyspnea, weakness, tremore and convulsions. Locally, there was 
severe subcutaneous edema and a hemorrhagic and gelatinous exudate, some- 
times with extension between the muscle planes. Bacilli could be seen in .the 
local lesions and often in histologic sections of liver, spleen, lun^ and kidney'. 
Smears of the fluid content of these lesions revealed gram-positive, nonsporulat- 

* This work was made possible by u gram from Alexander Smith and Sons Carpet Com- 
pany, Yonkers, N. Y. Received for publication, October ‘2, 1946. 
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ing, encapsulated bacilli. Material from the exudates was spread on the surface 
of nutrient agar and blood plates and incubated at 37 C. overnight. The cultures 
showed the typical soft white colonies %vith wreathed margins characteristic 
of B. anthracis. Saline suspensions of these cultures, tested for purity, were 
injected into 50 Avhite mice in amounts of 0.2 to 0.5 cc. These mice died AAdthin 
two days vdth symptoms and lesions similar to those of the experimental animals 
described above and similar gram-positive bacilli were recovered from them. 

The penicillin used was that available for routine hospital practice at the 
time, 1945, and was all from the same source.* Two different lots of antianthrax 


TABLE 1 

Effect of Penicillin on Animals with Anthrax 


KDUBES. OP ANIilALS ' 

DOSK PER 

GM. OP BODY 

NUMBER OP ANIMALS THAT DIED, 

DAYS AFTER INOCULATION 

SURVIVORS 



1 

2 

3 

4 

5 

6 

7 



Oxford Units 

1 


■ 






Mice: 

6 controls 

0 

4* 

1 

2* 

■ 

1 

i 



1 


1 

2.5 

It 


■ 






1 

3 




i 




It 

2 

5 





i 



2t 

1 

7.5 








It 

1 

2000 

It 








Guinea pigs: 

2 controls 

0 



1 




1 


1 

2.3 


1* 







2 

2.7 

1* 






1 

It 

2 

3 


i* 

It 

1 


1 



2 

3.3 








2t 

2 

3.7 








2t 

Rabbits:- 
1 control 

0 



1* 

1 

! 


! 



2 

3.1 

It 


I 

1 





It 


* Animal died with signs of anthrax and Badlhis anthracis was recovered from it. 
t B. anthracis was not found in cultures. 


serum were used. The doses of both, per gram of body Aveight, AA^ere comparable 
Avith those used in treating human patients, except in one infected mouse and 
in its noninfected control Avhich received a great overdose of penicillin. 

The results are apparent from Tables 1 and 2. Penicillin ia doses of 3 Oxford 
units per gm. or more protected the mice. It was toxic in a very large dose, 
2000 units per gm. Slightly larger doses are required in guinea pigs and rabbits. 
The antiserum series shoAved only one survivor, a mouse receiving a relatively 
pmall dose. This is in accord A\dth the Avork of Kurotchkin and Reimann,- 
who found it ineffectwe in experimental animals. 

* Manufactured by Charles Pfizer and Company, Inc., 81 Maiden Lane, New York City. 
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TABLE 2 



* Animal died with signs of anthrax and Bacillus anlhracis was recovered from it. 
t B. anlhracis was not found in culture. 


T.4.BLE 3 

Effect of Pexicilli.v and Axtiaxthrax Sehu-w ox Co.vtkol Ant-uaes 


1 


1 

[ 


NUITBER OF ANIilALS THAT DIED, 



NtrilBEE OF ASmAtS 

POSE FEE CM. OF BODY 
'V^’EICHT 

1 

i 



D.WS ATTEB IKJECTIOS 




I 

2 

3 

4 

5 

1 

6 

7 

s 

9 

Penicillin 

Mouse j 

1 1 

1 

2000 Oxford units 

1 j 


[ 

1 

i 

i 

j 


I 

1 

Antiserum 

Mice 





1 ; 



! 

1 

1 

1 1 

0.0015 cc. 1 




1 





i 

2 i 

0.0025 cc. 




2 






Guinea pigs 
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Because of this result wth the antiserum, a series of controls received com- 
parable doses of this substance alone. As shown in Table 3, it was uniformly 
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toxic, although the animals hved longer than those infected with anthrax. Those 
djdng after injection of antiserum alone showed congestion of the viscera and, 
occasionall)'^, abscesses of the lungs. As a check on the antiserum, a small series 
of animals, 1 mouse, 2 guinea pigs and 1 rabbit, each received 0.004 cc. of nor- 
mal horse serum per gm. of body weight. All survdved. A control of the ovei- 
dose of penicillin, 2000 units per gm., in a mouse proved its toxicity. 

SU.MJLA.RV AND CONCLUSIONS 

Penicillin is effective in the treatment of anthrax in experimental white mice 
in doses of 3 Oxford units per gm. of body weight, slightlj’- more for rabbits and 
guinea pigs. It is to.xic in very large doses. 

Antianthrax serum does not stop the course of anthrax in these animals and is 
in itself toxic for them. 
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PRIMARY PULMONARY VASCULAR SCLEROSIS 

Report of Case* 

K. E. CROSS, M.D., axd C. K. KOBAYASHI, M.D. 

F rom the Departments of Pathology and Pediatrics, University of Iowa, Iowa City 

Primar 3 - pulmonary vascular sclerosis is a disease entity of unknowm cause 
characterized by (1) pulmonary vascular sclerosis, mainly of the small arteries, 
and (2) hjiJertrophy of the right ventricle of the heart, but not of the left. 

In 1907, IMbnckeberg® described the first case which could be classified under 
this strict categOI 3 ^ His case dealt with a 33 year old woman. 

In 1935, Brenneri collected fifteen selected cases from the medical literature 
and reported a case of his own. A number of reports were not included in his 
sununary because they showed some factor, such as chronic cardiac or pulmonary 
disease, capable of causing secondary pulmonary vascular sclerosis, or because 
no autopsy was done or the description was incomplete. 

In 1941, BriU and Krygier^ reported a case diagnosed during life. They 
included their own case with nineteen others selected from the literature and 
carefullj’ analyzed the signs and sjnnptoms. Principles of diagnosis were 
presented. They discussed theories concerning cause and pathogenesis with 
special reference to the possibility of an essential pulmonai^’- hj^pertension 
bearing a relation to strain of the right ventricle analogous to the effect of es- 
sential Ej’^stemic h 3 ’pertension on the left ventricle. We refer jmu to this ex- 
cellent paper for further details. 

Our purpose is to add to Brill’s and Krj’^gier’s list of cases which fall into the 
strict categorj^ of primar}’’ puhnonarj' vascular sclerosis. 

REPORT OF CASE 

A 20 month old white, male child was admitted to the Department of Pediatrics of the 
University Hospitals on May 10, 1946, with a diagnosis of nephrosis made by the referring 
physician. 

The father, a 29 year old farmer, and the mother, a 28 year old housewife, were both in 
good health. The mother had had one miscarriage. In addition to the patient, there were 
two living children, a 5 year old son and a 3 week old daughter, both of whom were in good 
health. There was no history of any contact with known cases of tuberculosis. The re- 
mainder of the famil}^ history was essentially negative. 

During the last few prenatal months, the mother developed nausea and vomiting. After 
a five hour labor, at term, she delivered spontaneously. The patient weighed eight pounds 
at birth. His neonatal period was uneventful. 

He was breast-fed for five daj'S and, because of an inadequate supply of milk, he was 
given a proprietaiy powder milk formula. Several weeks later, he was given a formula of 
diluted cow’s milk. Orange juice was started at 2| months and cod-liver oil at 3 months of 
age. The usual additional feedings were adequate. He did not care much for meat and_ 
ate it only occasionally. Otherwise, his diet up to the time of his illness was essentially 
adequate. 


* Received for publication, September 6, 1946. 
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He had received no immunizations. Until four and one-half months before admission, 
he seemed to be developing as a normal child and, aside from occasional “colds”, he was in 
good health. Four and one-half months before admission, he developed a sore throat, 
nasal discharge, and an afternoon axillary temperature ranging from 100 to 102 F. His 
mother treated him with a sulfonamide drug, one-half teaspoon twice a day for three or four 
days and also gave him "fever pills” and “cold tablets”. The afternoon fever lasted for 
a week, and he lost two pounds of weight. He continued to have a nasal discharge. He 
began to lose interest in his playthings and surroundings. With exercise, he frequently 
had a dry cough. He had no episodes of cyanosis. 

About three weeks before admission, he was drowsy and slept all but two or three hours 
a day. He showed a gain of about two pounds of weight a week and appeared to be filling 
out in the abdomen, face, hands and legs. He began urinating about every two hours dur- 
ing the day and three or four times at night. No gross hematuria was noted at any time. 
A physician diagnosed anemia and prescribed iron. 

One week before admission, he was taken to a clinic where he was found to have a rapid 
heart, an enlarged liver and ascites. Anemia was suspected, but no diagnosis was made 
and no treatment was suggested. 

Three days before admission, he had marked swelling of his face, abdomen and extrem- 
ities. Two daj's before admission he was seen b 5 ' a physician who found albumin in his 
urine but no anemia. On the day before admission, his generalized swelling decreased. 

The examination on admission to this hospital revealed a fairly well developed male 
child with generalized edema. He was very irritable and uncooperative. His temperature 
was 99 F. rectallj' and the respiratory rate was 26 per minute. The radial pulse rate was 94 
per minute and the blood pressure was 110 mm. Hg. systolic and 70 diastolic. His height 
was 32 inches, weight 25 pounds, and head circumference 48.5 cm. His head had a peculiar 
"square” shape. The veins on both sides of his face were somewhat prominent. His eye- 
lids and face were edematous. Fundi were not visualized because of poor cooperation. 
A slight mucopurulent nasal discharge was present with slight injection of the nasophar 3 ’n- 
geal mucosa. His' tonsils were moderate!}' enlarged and slightly injected. Both lung 
fields were clear. On percussion, the left border of the heart was 7 cm. to the left of the 
mid-sternal line, and the right border was not made out . Heart sounds were of good quality 
and normal rhythm. The abdomen_was distended and a definite fluid wave was demon- 
strable. The liver edge was felt about 5 cm. below the costal margin in the right mid- 
clavicular line. No other organs or masses were palpable. There was pitting edema of the 
e.xtremities. The anterior cervical lymph nodes were palpable but non-tender. The 
remainder of the examination was essentially negative. 

Urine examination revealed only a trace of albumin and an acid reaction. Chemical 
tests for blood and sugar were negative. iVIicroscopic examination revealed an occasional 
leukocyte. The volume was insufficient for a determination of specific gravity. On the 
second day, an Esbach quantitative analysis on available urine revealed 0.5 gm. of protein 
per liter. On the fifth day, it was 2.0 gm. per liter. Determinations were inaccurate in- 
asmuch as total twenty-four hour urine specimens could not be obtained because of poor 
bladder habits. 

Blood examination revealed a hemoglobin of 11.5 gm., erythrocyte count of 5,520,000, 
leukocyte count of 12,150 with 35 per cent polymorphonuclcars (3 percent band forms and 
32 per cent segmented forms), 3 per cent eosinophils and 62 per cent lymphocytes. Blood 
Kolmer and Kline tests were negative. The blood nonprotein nitrogen was 48 mg., choles- 
terol 154 mg., total protein 4.9 gm., fibrinogen 0.2 gm., albumin 2.2 gm., and glob- 
ulin 2.5 gm. 

' A tentative diagnosis of lipoid nephrosis was made before the results of the blood chem- 
ical studies were reported by the laboratory. The patient was given a high protein, low 
fat diet. On the fifth day, he weighed 26.6 pounds and was given 30 cc. of 25 per cent sucrose 
intravenously. On the sixth day, he weighed 23.1 pounds. 

With the accumulation of more laboratory data, the provisional diagnosis of nephrosis 
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2 s seriously cjUGSt ioiiGcI- 23cCiiusG of his low scruni iilbuinin, however, ^nd beesuse no 
cs-vdiuc discHse vus apparent, it was decided to him 200 ec- of pooled plasma on the 
seventh day. Three hours before the transfusion, his rectal temperature was 98.4 F., heart 
rate 116, and the respiratory rate 32 per minute. .A scalp vein was used for the transfusion. 
After 75 cc. of normal saline, used to start the transfusion, and 25 cc. of plasma had run in by 
drip, lie suddenh' turned cyanotic and collapsed. Death was almost instantaneous. The 
clinical impression of the immediate cause of death was anaphylactic shock. 

Blood drawn from the patient after deatli was tested with ( he pooled plasma used and did 
not show hemolysis or agglutination of the er\'throcytes. 

AUTOPSY FINDINGS 

Three hours after death a complete necrops 3 ' was performed. External 
examination revealed mild generalized pallor and mild c.vanosis of the nail beds. 
The abdomen protruded somewhat and there was mild, generalized puffiness 
of subcutaneous tissue without pitting edema, however. The pupils were round 
and regular but ast^mmetrical, the right measuring 3 mm. and the left 4 mm. in 
diameter. 

The primaiy incision revealed the peritoneal surfaces to be moist, but there 
was no free fluid in the peritoneal cavitjL The stomach contained 150 cc. of 
undigested food. The stomach, the ascending and a portion of the transverse 
colon were distended with gas. Tlie right leaf of the diaphragm was opposite 
the fourth rib and the left leaf opposite the fifth rib in the mid-clavicular lines. 
The pleural surfaces were moist but there was no free fluid or adhesions. The 
pericardial sac was tenselj' distended with 25 cc, of clear, serous fluid. 

The brain revealed a weight of 1220 gm. (normal, 1050 gm.).° It was slightly 
firm in consistenejL Evidence of disease was not found on further gi-oss and 
microscopic examinations of the brain. 

The heart weighed 135 gm. {normal 56 gm.).-^ The organ showed disten- 
tion of both sides with fluid blood and postmortem clots. On the left side, 
dilation w'as well within the limits of diastole; on the right side it was excessive. 
It Avas e.stimated that the auricle contained 100 cc. and the ventricle 120 cc. of 
blood. On the anterior and lateral surfaces of the right ventricle, there were 
multiple petechiae and small diffuse areas of hemorrhage in the pericardium. 
The foramen ovale consisted of a small aperture but was functionallA* closed. 
The ductus arteriosus Avas closed. The tricuspid A'ah'e measured 9 cm., the 
pulmonic vah'e 4.5 cm., the mitral A'ah'e 5.5 cm., and the aortic A'ah'e 3.5 cm. 
in circumference. The A-alves .showed no anomalies or eAidence of disease. The 
endocardium Avas smooth throughout. The interauricular and inten^entricular 
septums .shoAA'cd no abnormalities. The left ventricle averaged G mm. and the 
ri^t ventiicle 3 mm. in thickness. The myocardium throughout A\'as slightly 
pale,, but contained no focal lesions. 

^Microscopic examination of the heart rcA'ealed moderate A'ascular engorge- 
ment, more severe in the right A'entricle. There Avas mild subendocardial edema, 
again more noticeable in the right A'entricle. A feA\' h'mphocA'tes AA'ere scattered 
in the endomysial tissue. 

The lungs retained an expanded shape. The tracheobronchial tree contained 
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a large amount of frothy serous fluid, but there was no obstruction. The 
pulmonary vessels contained only fluid blood and postmortem clots. The right 
lung weighed 105 gm. and the left lung 95 gm, (normal 83 and 74 gm., respect- 
ively).® They Avere generally subcrepitant and contained scattered lobules 
which were paler and firmer than surrounding tissue. In subploural locations 
in the left upper and lower lobes, there were multiple small areas of hemorrhage 
measuring up to 6 mm. in diameter. The cut surfaces Avere moist, pale and 
exuded a small amount of frothy serous fluid and blood. 

The microscopic examination of the lungs revealed areas of interstitial and 
intra-alveolar hemorrhage in sections from the left lung. No thrombi Avere 
demonstrated and the hemorrhages, like those in the pericardium, Avere belieA'ed 
to be terminal on the basis of anoxia. Venous and capillary spaces shoAA^ed no 
appreciable congestion. Alveolar AA-alls Avere thickened in the small areas of 
hemorrhage and of collapse. A few phagocytic mononuclear cells AA^ere present 
Avithin alveolar spaces. 

The principal finding Avas that of Avascular sclerosis. Large arteries of the 
pulmonary system Avere not involved. Medium-sized arteries shoAA^ed varjdng 
degrees of intimal hyperplasia Avhich was often eccentric in location (Fig. 1). 
Some degeneration and slight hyalinization 'A’-ere noted in some instances. 

Small arteries shoAA’ed the greatest percentage of involvement, the extent of 
which Avas A'^ariable, but often severe. The lumens AA^ere extremely narroAA'ed in 
the majority and completely occluded in some. In general, the adventitia 
shoAved no involvement, but in a feAV instances, about vessels shoAving the most 
active and disorganized hj'-perplasia, some adventitial hyperplasia Avas also 
evident. In some, the media Avas thickened due to mild hyperplasia. The 
intima often shoAved severe, regular hyperplasia (Fig. 2). In some, zones of 
hyperplasia Avere eccentric but orderly; in others, in addition to being eccentric, 
hyperplastic “buds” Avere tangled A\ath endothelial cells. Hyperplasia of the 
endothelium Avas often seen AAath (Fig. 3) and Avithout concomitant change in 
the intima. It frequently intruded in budlike masses occluding the lumens. 
This change Avas also noted in arterioles, venules and small veins (Fig. 4). 
Small arteries and their venae comitantes Avere occasionally seen in single hyper- 
plastic islands (Fig. 5). In a feAv instances, there AA^as associated fibrinous 
material in the lumens (Fig. 6) indicating partial thrombosis. MacCallum’ 
Avas of the opinion that thrombosis occurred as a result of the irregular endo- 
thelial hyperplasia and that recanalization folloAved. This AA'as frequent^'’ 
noted. The prominent part played by hyperplasia of the endothelium is com- 
parable to that in Brenner’s case.^ The elastica externa shoAA'ed little change. 
In a feAV instances, the elastica interna aa-rs split, fragmented and mildl}" h 3 'per- 
plastic. In such cases, hyperplasia of the media, intimal and endothelial layeis 
appeared intermingled and continuous. 

Fig. 1. Medium-sized pulmonary artery showing moderately severe, eccentric intimal 
proliferation and thickening. Hematoxylin and eosin stain. X 150. 

Fig. 2. Small pulmonary arteries shoAving orderly hyperplasia of the intima with marked 
narroAving of the lumens. Hemato.xylin and eosin stain. X 300. 

Fig. 3. Small pulmonary artery showing hyperplasia of the intima and endothelium AA-ith 
occlusion of the lumen. Hematoxylin and eosin stain. X 400. 
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For the most part, there was no inflammatory infiltration. In a few instances, 
however, occasional lymphocytes and polymorphonuclear leukocytes were found 
scattered throughout the entire wall. This finding was noted particularly in 
vessels which lay adjacent to bronchioles containing a few inflammatory cells 
in the tunica propria. 

Nmnerous vessels of all sizes escaped with no involvement whatever. Inas- 
much as there was no other pulmonarj’^ disease present, no localizing factor was 
found. 

The remaining necropsy findings consisted of passive congestion of the abdomi- 
nal viscera vith the organs, particularly the liver, shoving an increase in weight. 
No other evidence of disease was found in the pituitary gland, thyroid, thymus, 
liver, spleen, gastrointestinal tract (except for segments of gaseous distention), 
pancreas, adrenals, or the genit6-urinar3’’ system. The intrinsic vessels in these 
organs showed no arteriosclerosis. The buccal ca\ity, oral pharynx and larynx 
were not abnormal. 

The culture of heart blood taken at the time of autopsy revealed no growth 
in sixteen daj^s. Cultures of intestinal contents were negative for Eberthella, 
Salmonella and Shigella groups of organisms. Cultures of the nasopharynx 
revealed no beta-hemoljdic Streptococci. Hemol5dic Staphylococcus aureus and 
Escherichia coli were recovered in moderate numbers. A large amoimt of 
Diplococcus pneumoniae was present. The Corjmebacterium organisms present 
were found to be nonvirulent bj’’ virulence tests. 

DISCUSSION 

Proliferative pulmonary vascular sclerosis with hj’^pertrophy and dilation of 
the right ventricle of the heart and passive congestion of the viscera, indicative 
of heart failure, were the outstanding findings in this case. It is postulated that 
the terminal infusion of plasma, added to the load of an alread}’’ decompensated 
right ventricle, led to sudden failure, although 30 cc. of 25 per cent sucrose had 
been administered two da3'-s previous^. 

Aside from six small accessory splenic nodules at the hilus of the spleen, no 
congenital anomalies Avere found. There was no disease other than the pul- 
monary vascular sclerosis and those clearty connected sequelae which have been 
described. 

Specific clinical and pathologic criteria for the diagnosis of primary pulmonary 
vascular sclerosis have been listed by Brill and Kr}’'gier,- Krllingsworth and 
Gibson,® and Brenner' and include: ( 1 ) c3’^anosis and edema rvhich ma3'' be slight 
or present onb^ at intervals; (2) clinical and electrocardiographic erddence of 
h3’^pertrophy of the right ventricle of the heart but not of the left; ( 3 ) an ac- 

Fig. 4. Pulmonary vessel (probablj- a venule) showing advanced disorganized en- 
dothelial hyperplasia practically filling the lumen. Hemato.xylin and eosin stain. X 300. 

Fig. 5. Small pulmonary arteries and vein showing intimal hyperplasia in the arteries 
with narrowing of the lumen in one and occlusion in the other. There is marked endothelial 
hj-perplasia in the accompanAung vein. Hematox 3 ’-lin and eosin stain. X 300. 

Fig. 6. Pulmonarj^ arterj' showing hyperplastic “buds” of endothelium with interstitial 
thrombosis. Hematoxylin and eosin stain. X 100. 
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centuated pulmonic second sound but no valvular or congenital heart disease; (4) 
no evidence of chronic pulraonarj'- disease; (5) x-ray evidence of enlargement of 
the right side of the heart; (6) no evidence of s^'^philis, rheumatism, tuberculosis 
or other disease affecting the heart or lungs. 

During the period of clinical obsei-vation, the diagnoses of cardiac disease 
and decompensation w'ere not specificalty evident and detailed investigations 
were not made in the presence of suggested disease of the kidneys. We vish to 
point out the absence in this patient of dyspnea, orthopnea, cyanosis, fainting 
spells, chest pain, vomiting, dizziness, hemopt3’’sis, and cardiac murmurs and 
thrills. These were relatiA^ely common signs and S3’'mptoms in the twenty cases 
anal3’'zed b3'' Brill and ICi3''g;ier.- A long histoi^'- of specific s3anptoms and signs 
of the disease was not present in this child 20 months of age. 

The literature on the subject is well supplied with theories on cause. We 
are unable to make positive contributions in spite of our fairly complete post- 
mortem studies. 


StnUMARY 

A case report of a child 20 months of age with a four months’ histor3’^of lassitude 
and a three w'eeks’ histor3'’ of pol3niria and generalized edema is presented. He 
died during the beginning of a plasma infusion. Pnmar3’- pulmonary vascular 
sclerosis with hypertroph3'’ and dilation of the right side of the heart and signs 
of cardiac failure were found. 

Careful analysis of the famib’- and life histories and of the autopsy findings 
revealed no indication of a causative factor. 

The absence in our patient of clear cut s3'mptoms and signs of interval cardiac 
decompensation, which have been noted in other case reports involving older 
patients, emphasizes the need for cai-eful clinical obseiwation and necropsy 
examination to establish the diagnosis of primaiy pulmonary vascular sclerosis 
in a child of this age. 


IIEFEIIENCES 

1. Brennkb, O.: Pathology of vessels of pulmonary circulation. Arch. Int. Med., 66: 

976-1014, 1935. 

2. Brill, I. C., axd Krygier, J. J.; Primaiy pulmonary vascular sclerosis. Arch. Int. 

Med., 68: 560-577, 1941. 

3. Killingsworth, 3V. P. .\xu Gibson, S.: Primary" proliferative pulmonary arteriolar 

sclerosis. Am. J. Dis. Child., 67: 1099-1109, 1939. 

4. M.\cCallum, W. G.: Obliterative pulmonary arteriolosclerosis. Bull. Johns Hopkins 

Hosp.,49: 37-^8, 1931. 

5. Mallory, F. B.: Pathological Technique. Philadelphia: W. B. Saunders Company, 

1944. 

6. IMonckeberg, j. G.: Ueber die genuine .A.rteriosklerose der Lungenarterie. Deutsch 

med. AVchnschr., 33: 1243-1246, 1907. 



BOOK REVIEWS 


Acclanilid. ,-l Crilical Bibliographic Review. By Martin- Gross, M.D., Research As- 
sistant (Assistant Professor), Laboratory- of Applied Physiology-, Yale Uni^-ersity. 
155 -f XVII pp., 8 illus. S3.0G. New Haven: Hillhouse Press, 1946. 

It is characteristic of many branches of medical science today that the literature has be- 
come so extensive and varied and the material so highly specialized that it is difficult for the 
general reader, or for the investigator not in the particular field, to secure an adequate 
picture without help. It is as aid to such readers that the volume under review and similar 
volumes are presented. This is the first of a series of critical re^-iews of the literature on 
analgesics and sedative drugs and is concerned with a drug introduced into medicine more 
than a half century ago and widely used as an antipyretic agent. Although largely re- 
placed for this purpose by other drugs, acetaniUd assumed and has continued to assume 
importance as an analgesic, particularly in certain proprietary medicines. Because of 
certain controversial a.spects of the use of acetanilid, it is of particular importance to ha\-e 
a critical review of the literature which has accumulated since the discovery of the phar- 
macological properties of the compound in 18S6. 

. VIore than 700 references are cited and discussed. The scope may be indicated by a sur- 
vey of the section headings; history, physicochemical properties, fate of acetanilid in the 
body, therapeutic use, pharmacology- and toxicology, acetanilid poisoning, influence of 
other drugs on therapeutic and toxic action of acetanilid, tolerance, and the question of 
addiction and habituation. 

Perhaps one cannot exjicct that in u volume of this sort, the personal opinions of the 
author should be expre.ssed. Nevertheless, it would have been helpful if the author had 
presented at the end of the volume a summarized statement of the present status of the 
drug as generally accepted by pharmacologists and therapists of today. 

The format of the volume is good and the book should be of value to workers in the field. 
Further volumes in the series in which similar reviews of other analgesic and sedative drugs 
are to be presented will be awaited with interest. 

Universily of Michigan How.ard B. Lewis 

.4 nn A rhor 

Women in Industry. By An.n.v M. Baetjeh, Sc.D., .Assistant Professor of Physiological 
Hygiene, School of Hygiene and Public Health, .Johns Hopkins Hospital. 344 pp., 
122 tables. $4.00. Philadelphia and London: W. B, Saunders Company-, 1946. 

The author forecasts the gainful employment of sixteen million women by- 1950. If this 
comes to pass, her book will become extremely valuable to all engaged in personnel work and 
to industrial phy-sicians. Its many- statements of fact and statistical reviews make it 
equally- valuable to research workers and students. To the personnel workers and the 
industrial physicians, who nov/aday-s must read as they run, or not at all, the final chapter 
entitled, “Summary and Conclusions” is unusually- valuable. Some pertinent facts about 
employed women which the author successfully brings out are: 

Sick-absenteeism is more frequent among women than among men, but absences are of 
a shorter duration. Most absences are due to ordinary- illnesses and not to occupational 
diseases. Women seem to be no more susceptible to occupational diseases than men, and 
measures which are essential for the prevention of occupational diseases apply equally for 
men and women. On the basis of evidence available at the present, it would seem that the 
ability of normal women to perform mental and muscular work is not altered by either 
menstruation or the menopause. Pregnant v/omen should have certain restrictions placed 
on their work, but with properly- controlled working conditions, there is no reason why- they 
should not work, so long a.s they are under the supervision of the industrial physician. 

In the sections on “The Mortality- and Fertility- of Women in Relation to Occupation" 
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and the “Gynecological and Obstetrical Problems Associated with the Emploj-nient of 
Women,” one finds topics which must be of interest to the clinical pathologist who is en- 
deavoring to explore new opportunities in the studies of occupational health. 

General Motors Corporation C. D. Selbv 

Detroit 

Principles of Hemaloloiju. Ed. 3. By Ri;s.sEi,n L. Hadkn', M.D., jM.A., Chief of the Med- 
ical Division of the Cleveland Clinic, Cleveland, Ohio. 366 pp,, 171 illus. So.OO. Phil- 
adelphia: Lea & Febigcr, 1946. 

The author’s laudable objective is indicated as follows: “This small volume on hematol- 
ogy was written to simplif 3 '’ the studies of disorders of the blood for the student and phj'- 
sician.” Success is attested bjMhe appearance of the third edition, which has been revised 
mainlj' bj’’ inclusion of a few additional illustrative cases and a short description of the 
technic of sternal puncture. 

The book contains general discussions of the hematopoietic system and blood formation, 
followed by detailed descriptions of technical methods. A group of chapters is devoted to 
elucidation of the clinical features of various hematologic disorders and the presentation 
of case abstracts which the student will find especiallj’ helpful, since the author’s comments 
in explaining the blood findings, pathogenesis, and therapj' of each case are clear and 
decisive. The 173 photomicrographs, in black and white, are generally of excellent quality. 
The charts and diagrams illustrating the formation, circulation and destruction of er 3 ’th- 
rocytes and leukocytes are unique in concept, simple, and easil 3 ' understood. 

The general tone of the book is indicated b 3 ' the statement, “All disorders of the blood 
and variations in structure and function of the hematopoietic system are quite simple.” 
While experienced hemopathologists heartil 3 ’ wish this were true, the approach is certain!}' 
one that the student will find encouraging. This attempt to “write down” to the level of 
the student has resulted in over-simplification, one of the book’s few defects. It is regret- 
table that the author did not see fit to include a discussion of the Rh factor. The applica- 
tion of a terse and lucid st 3 ’le to the explanation of recent developments in this field would 
have been extreme^' useful to students and practitioners. The descriptions of the my- 
elograms of the several conditions included in the section on bone marrow puncture are too 
brief to be of value as a guide for diagnosis or interpretation of the marrow lesions. 

The index is adequate and there is a bibliograph 3 ' of 42 references. The most recent 
works cited appeared in 1939. The book will continue to be useful as an introduction to 
hematology. The clinical pathologist will find it necc.ssar 3 '' to refer to more complete 
texts. 

Wapne Unii'crsiti/ College of Medicine L.a whence BEKJtAX 

Detroit 
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NOMKXCLATrRK OF Rh BlOOD TyPF.S 

To the Editor; 

In a rerent article in this .Journal, a review of the present knowledge of llh-Hr types 
and the latest improved nomenclature was presented (Wiener, A. S.: Recent Develop- 
ments in the Knowledge of the Hh-Hr Blood Types; Tests for Rh Sensitization. Am. 
J. Clin. Path., 16: 477-497, 1946). The nomenclature proposed was selected in order to 
emphasize the analogies to the scheme of the four Landsteiner blood groups. Thus, the 
eight Rh blood types are designated rh,Rh',Rh'',RhTlh'',rho, Rhi, Rh5,and RhiRhi, respec- 
tively. This designation has caused some confusion to clinicians, who sometimes mistake 
rho for rh. I'or this reason, and because Rho is the most important antigen clinicallj", 
and since for practical purposes in tasting patients, bloods of types Rh', Rh" and Rh'Rh" 
should all be considered Ith-negative, if is proposed to make a slight change in the designa- 
tions, which ma3' help further to clarif.v the subjeef for the uninitiated. I'nder this im- 
proved nomenclature, the three Rh blood factors are designated Rho, rh' and rh", 
respect ivet3', the capital letter being reserved exclusive!}- for Rho in order to emphasize its 
special position and importance. The eight Rh blood t3'pes now become; rh, rh', rh", 
rh'rh", Rho, Rhi, Rho, and RfuRh;, respect iveh'. while the six standard Rh allelic genes 
now become r, r', r", /f®, R-, R-, respect iveh*. The new designations also have the ad- 
vantage of obviating the danger of confusing the prime sign and the figure “one” in the 
superscripts, because the use of capitals and small letters eliminates ambiguit}'. 

It should be emphasized that the new improvements in nomenclature do not entail an}' 
change in the onil names of the Rh types or genot3'pcs. It is not necessary to s.ay “large 
R” or “small R”, as the case may be, because the qualifying subscripts and superscripts are 
sufficient identification. The use of capital and small letters merel}- acts as a visual aid in 
identifying the types which contain or lack the principal Rh factor, Rho- The advantage 
of the improved names can be seen from the following grouping of the t3'pes and genes. 
Rh-positive bloods (Rho+) include types Rho, Rhi, Rhj, and RhiRh:. Rh-negative blood 
(Rho—) include tA'pes rh, rh', rh", ami rh'rh". Gene Rh for the factor Rho includes genes 
R°, R}, R-, .and R*. Gene rh includes genes r, r', r", and r^. 

For practical purposes, one should consider that any patient who belongs to one of the 
four Rh-negative types is a potential candidate for Rh sensitization. For use as blood 
donors, on the other hand, only individuals of type rh should be selected in order to avoid 
re.actions in patients sensitized to factors rh' or rh". 

Ai.f.x.\nder S. Wiener, M.D. 

Serological Laborntonj 

Office of the Chief Medical Examiner of New York City 

November 7, 19^6 

iMicHin.\N Pathoi.ogicae Society 

The Michigan Pathological Society was organized in 1931 with Dr. C. Y. Weller as its 
first president. At present there are 50 active, 24 associate and 2 honorary members. 
Of the nine members who w-ere in military service, eight have been discharged and are now 
back in practice in Michigan. 

The officers are: Dr. S. E. Gould, president; Dr. A. A. Humphrey, president-elect; Dr. 
D.H. Kaump, secretar}'-treasurer; Dr. A. L. Amolsch and Dr. S. C. Howard, councilors. 

Thestanding committees .are as follows; Nominating Committee, Committee on Ne- 
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crology, Program Committee, Custodian of Slides, Committee on Membership, Committee 
on Policy and Committee on Medical Technology. 

The Society conducts meetings during the afternoon and eveningof the second Saturday 
of February, April, June, October and December. The meetings are usually devoted to a 
presentation of material on a given subject, although there are occasional meetings at which 
material of general pathologic interest is presented. A previous report on the Michigan 
Pathological Society will be found in the American Journal of Clinical Patholog}% Volume 
15, page 488, October 1945. 

The meeting places, subjects and moderators since October 1945 are as follows: October 
1945, Herman Kiefer Hospital, Detroit, seminar “Diseases of the Lungs,” moderator, 
H. C. Sweany, M.D., Chicago; December 1945, University Hospital, Ann Arbor, seminar 
“Diagnostic Problems in Pathology;” February 1946, Henry Ford Hospital, Detroit, 
seminar “Dermatologic Pathologj^” moderator, Hamilton Montgomery, M.D., Mayo 
Clinic ; April 1946, Wayne County General Hospital, Eloise, seminar “Diseases of the Spleen 
and Lymph Nodes,” moderator, Douglas Symmers, M.D., New York; June 1946, The Grace 
Hospital, Detroit, seminar “Diseases of the Kidneys,” moderator, E. T. Bell, M.D., Min- 
neapolis; September 1946, Providence Hospital, Detroit, in conjunction with the annual 
meeting of the Michigan State Medical Society', seminar “Diseases of the Breast,” moder- 
ator, C. F. Geschickter, M.D., Baltimore; December 1946, University Hospital, Ann Arbor, 
seminar “Diagnostic Problems in Pathology.” 

Meetings are well attended bj' the members, and guests may be invited to certain meet- 
ings. Hospital residents are urged to attend as part of their regular training program. 

Pennsylvania Associ.-ition of Clinical Pathologists 

On Wednesday', October 9, 1946, the Pennsy'lv'ania Association of Clinical Pathologists 
was organized in Philadelphia. 

Dr. Stanley' P. Reimann of Philadelphia, President of the American Society' of Clinical 
Pathologists called the organizational meeting to order. He discussed the purpose of the 
meeting and introduced Dr. T. J. Curphey, of New York, President-elect of the American 
Society of Clinical Pathologists, who also spoke on reasons for the formation of state as- 
sociations of pathologists. 

The objectives of the newly formed Pennsylvania Association are: (1) To promote 
closer association of its members; (2) To encourage the standardization of laboratories and 
to elevate the standard of work performed in various laboratories throughout the state; 
(3) To protect and promote the interest of the pathologist; (4) To stimulate scientific in- 
vestigations and to promulgate the results of research; (5) To promote the practice of sci- 
entific medicine by wider application of clinical laboratory' methods in the diagnosis and 
prevention of disease. 

The following officers were elected: William P. Belk, Philadelphia, president; Fred O. 
Zillessen, Easton, vice president; and Henry F. Hunt, Danville, secretary -treasurer. 

The Minnesota Society of Clinical Pathologists 

The Minnesota Society of Clinical Pathologists held a meeting on November 2, 1946, 
at the Leamington Hotel in Minneapolis. Twenty-five pathologists were present. The 
Society voted to establish a lectureship in honor of Dr. A. H. Sanford of Rochester, Min- 
nesota, to be delivered at the state medical society' meeting. 

The Virginia Society for Pathology and Laboh.atory Medicine 

The Virginia Society for Pathology and Laboratory Medicine held a meeting on October 
15, 1946, at the DePaul Hotel in Norfolk. The following officers were elected: Dr. M. B. 
Beecroft, Newport News, president; Dr. Lawrence J. Motyca, Norfolk, vice president; 
Dr. M. L. Dreyfuss, Clifton Forge, secretary-treasurer; and Dr. J. H. Scherer was elected 
as nominee of the Society for Counsellor for the American Society of Clinical Pathologists. 
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Thk: Louisiana Association of Pathologists 

The fall meeting of the Louisiana Association of Pathologists was held November 14, 
1946, at the Marine Hospital in New Orleans. The following papers were presented: “A 
Rapid Method for Blood Urea Nitrogen Determination with Observations on the Use of 
Urease” by Dr. A. L. MoQuown; “Occlusion of the Aqueduct of Sylvius” by Dr. .1. B. 
Are}'; “Penicillin Levels in Serum and Tissue Fluid” by Dr. John C. Henthorne; “Fried- 
lander’s Bacillus ^Meningitis and Acute Endocarditis Superimposed on Luetic Valvulitis” 
by Dr. Charles L. Blumstein. 

The following officers were elected: Dr. Emma S. Moss, president; Dr. Philip Pizzolato, 
vice president; and Dr. Charles E. Dunlap, secretary-treasurer. 

Academic Ai>por.NTMENT 

Dr. J. F. A. McManus has been appointed Assistant Professor of Patholog}' at the 
iMedical College of Alabama. The appointment was made in the Fall of 1946. 

Personals 

Dr. Paul A. 'I'an Pernis, formerly pathologist at St. Luke’s Hospital, Chicago, Illinois, 
is now pathologist and director of laboratories at Butterworth Hospital, Grand Rapids, 
Michigan. 

The new address of Byron W. Fraser, whose article “Microscopic Examination of Uri- 
nary Calculi” was published in the September issue of the Journal, is National Canners 
Association, 1739 H Street N.W., Washington, D. C., and requests for reprints can reach 
him there. 




STUDIES IN SERLW ELECTROLYTES. XIV. 

Changes in Blood and Body Elhids in Peolonged Fasting* 

F. WILLIAM SUNDERMAN 

F rom the Williayn Pepper Laboratory of Clinical Medicine, University of 
Pennsylvania, Philadelphia 

In the normal process of living the demands for nutrition are met bj'- periodic 
feedings. Wlien these are not supplied, body reserve.s must be utilized. As the 
body reserves become depleted, it is of especial interest to observe the changes 
that occur in the bodi-’s composition. ^Moreover, it is recognized that disease 
is closely allied to various stages of inanition and, therefore, the changes observed 
during fasting are useful in interpreting the changes observed in disease. 

The purpose of thi.s paper is to present the changes in the distribution and com- 
position of the body fluids in a severely emaciated subject, whom we have reason 
to believe had undergone a continuous, voluntary fast for forty-five days. In so 
far as we are aware no systematic examinations have been made of the blood 
components of a human subject toward the end of such a prolonged fasting period. 

Lennox, O’Connor and Bellinger- reported the clianges in the nonprotein 
nitrogen components, sugar, bicarbonate, filirin, cholesterol, calcium and inor- 
ganic phosphoni.s in tlie blood samples of normal and of epileptic subjects who 
were fasted for periods averaging fourteen days. Morgulis and Edwards-"* re- 
-ported the changes, jirincipally in the nonprotein nitrogen components, in the 
blood of five dogs that had been fasted to appiaiximatcly a forty per cent loss in 
body weight. The few stutlies that have appeared in the early literature per- 
taining to tlie alterations of the blood during fasting have been reviewed by 
Ash.^ .Among the carlie.ri references is that of Valentin^® who, in 1838, concluded 
that tiiere was no change in the relation of blood-weight to bodj'-weight following 
exhaustive starvation. -As a I'csult of tiie early work of Hcidenhain, Panum, and 
A'oit (referred to by Ash), it was concluded that the body is not impoverished of 
blood by fasting, but that, on the contrary, the organism may be plethoric. 
Among the most complete .studies of fasting in the literature have been those 
midertakcn by Benedict* on his professional faster, Levanzin, who fasted con- 
tinuou.sly for thirty-one days. Excepting hemoglobin, Benedict’s studies did 
not include examination of other chemical constituents of the blood and serum. 

The subject, Bernard, whom we haAm had the opportunitj'- of studying, was a 
man 54 years of age, who, allegedly began his fast on Afarch 6, 1946, one week 
before the Lenten season, and continued it through Good Friday. His reasons 
for fasting were based upon a religious asceticism in which he obtained great 
satisfaction from the self denial of food. By refraining from material things, he 
hoped to becom.e free for the .spiritual. Since 1936 he had undertaken several 

* Presented at the Twcnty-Fourih Annual Meeting of the American Society of Clinical 
Pathologists, San Francisco, California, June 2S, UMG. Received for publication, N'ovom- 
ber 25, 1946. 
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fasts, one lasting for twenty-five days in 1944, and an earlier one for nine days,, 
during wliicli time he maintained a complete abstinence from both food and 



Fig. 1. Photograph of Bernard Five Days .after Discontinuing His 
Fast and after He Had Gained 16 Pounds in Weight 

water. His family physician Avho referred him to us, had known this individual 
for a number of years and stated that he could be relied upon to give an excep- 
tionally accurate, truthful accoimt of all his actions. l^Tiile a voluntary fast for 
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forty-five days %vould of itself seem to indicate an abnormal mental condition, 
j’et in all other matters he appeared mentallj- normal. 



Fic. 2. PnoTDf.RAi'ir OK HBRXARr) Forty-Thkk?: D.\ys after Diskon- 
Tixf.’t.vo He- Fast ano after He Hai> Gaixki>37 Poi. xds is Wkkjmt 


The subject came unrler f)ur observation on tlie fortieth day of his fast. He 
was a man of medium height and gave eviflence of a great lo.s.s in weight. He 
had a quick gait anfl moved about with unu.«ual agility. In temperament he 
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was loquacious, sensitive, cheerful and credulous. On questioniug, he appeared 
to be particularly anxious to be accurate in all of his statements. His memory 
of past events seemed to be quite good. The idea that he might imdergo special 
examinations of scientific interest appealed to him. After some persuasion he 
consented to spend the last two da 3 's of his fasting period in the medical wards, 
i.e., the forty-fourth and the fortj’^-fifth days, the forty-fifth day being Good 
Friday. 

On the fortieth day of his fast, Bernard’s nude weight was 101 pounds. Sub- 
tracting the approximate weight of his clotliing, it was estimated that at the 
beginning of his fast, his nude weight was 137| pounds. At the conclusion of his 


Bodq b3eight of Bernard I). 



Fig. .3, Body Weight of Bernard 

fast, that is, on the forty-fifth day, his nude weight was 97 pounds. He had 
lost approximately 40| pounds, or thirty per cent of his initial Aveight during this 
fasting period. He averred that he had taken nothing by mouth during his 
fasting period, with the exception of water and of a single glass of magnesium 
citrate, the latter having been taken because of his desire to remove all food 
particles from his gastrointestinal tract. He had had a small stool every second 
or third day which he described as “consisting of shreds resembling Avet cigarette 
tobacco.” He belieA'-ed that these stools represented remnants of food in the 
intestinal tract and he took the magnesium citrate in order to get rid of such 
particles. Excepting the last week of his fast, aaFcu he was under our obser- 
vation, he had lost no time from his AA^ork as a silk tAvister. He claimed thathis 
feeling of hunger persisted thi'oughout the period of his fasting state, but that it 
Avas most pronounced during the first Aveek. From the beginning of his fast, 
his libido AV'as minimal. He did not experience, at any time, numbness or tingling 
in his extremities or night blindness. 



SERUM ELECTROLYTES IX FASTING 


173 



5 

! 

'-'q f c/-^ts I 


I-* 

J T 1 



SpTOi33SO;3:5W| 

i 


-r 

; 1 


^ K 

SlTiO-q 




i CZ 1 



Jc/nicr. snioai 



C7 

-r j 


•** 

snitjrfarjopscog 

S 


f'^ 

* i 

, 









'1=1 001/'2£S 

1 ^ 

f 

r^. 


1 


{urtussj rcSTig 


1 

zc 

' i 







zc 



'1=2 m/Sa: 

-T 

o 


, Cl 



3ti!apri>J3 



— 

: 



'in; coi/'Sa 

i 

— 

— 

! 



PPV a:-!/! 



-r 

« rc 



'!« (OI/'Su*' 



Cl 

' t'- 



caSoTji*^ =5^11 

1 Cl 



! r 

1 C3 



•{tc 



o 

i n; 



COt/’Sar {0J31 

1 — 

J 

I— 

i T 



-ssjoqo psgtjsisg 











! o 



•l=r OTl/'2=t 

! ^ 

i 

o 

'- 7 



[0I31S3J0-J3 imox 


1 

r; 

! rC 







* — ^ 







i 



'ttir COl/'“3 


cr: 

f'- 

1 Cl 



niinqoio 

t ^ 

Cl 

Cl 

! -’ 


s 






* CJ 


1 





! " 



'IW OOI/'Uxg 

i ~'. 

cc 


i T 

c 


Btuir.qiy 

' »C 

Cl 



2 





1 ^ 


z? 

'1=1 00I/'*=2 

! 

-r 


; 7 


fi 

=!310M l^nox 





s 


a/bStu 

t t' 



1 

! 5 



uJTitssnScK' 

t 



1 ^ 

2 






! — ’ 



•|u; 

Cl 


v:. 




! 



' >1^ 

»— 1 


00l/'2=i ui=!5FD 

I £2 

O 

Ci 

■ 














; CC' 1 



T/b3iu 

• — 

S 

oc 

“ i 



3?tll I’^OX 

1 — 

— 


; 12 1 







• » 
J 

— 


'IIB 






i o'^i/'Suimioya 

f 

( 

1 

! '( 1 



-soq^ smrSJCuj 















1 s 

rc 

— 

! =9 j 



zsd S3uia|o.v *0D 

' — 



' 1 



' 




«*• 1 





X 

i'- 

’ CT f 

cc 


3/b3ui3p:JCjn3 



2^ 

— j 




— 

"■ ’’ 

^ 1 



*in 

— 

cc 

•— 

> ! 



w 


cc 




SI XHOIXV. aCOS 




: i 










H 

. _ w 


w 

; r ( 







1 j 




w 

Cm. 

•m 

: ^ 1 




X >* 


X 

I • 1 





X 


■ t f 






•M 

‘ ! 



V- 

cz 

•5 


J 5 \ 


j 




" 



{ 


»c 

T. 


' s i 



p 


•— 


■ 


‘ 

< 

s. 

u. 

5 

i X ; 




< < 



; 1 



174 


SUNDERMAN 


Physical examination, excepting for evidence of severe, acute emaciation and 
a lowered blood pressure of 94/56 (left arm) and 90/50 (right arm), was essen- 
tially unrevealing. There was no evidence of any lesion of the tongue or mouth, 
or swelling of the gums, cheilosis, or skin lesions. His face had a tired expression 
which was accentuated by slightly drooping eyelids. The skin had lost its elas- 
ticity. The superficial veins were especially prominent and distended. His oral 
temperatures were decreased, averaging 97 F. Edema, or any of the usual 
clinical signs of aAfitaminosis, were not evident. 

Bernard had refused to be photographed during his fasting period so that the 
degree of emaciation can not be sho\m. Figure 1 is a photograph taken five da 3 '-s 
after discontinuing his fast, at which time he weighed 113 pounds, having gained 
16 pounds of his lost weight. It will be seen that his peripheral veins were still 
greatly distended. Fort 3 '^-three da 3 ’'s after discontmuing his fast, he weighed 134 
pounds and had returned almost to his initial weight (Fig.2). On Figure 3 are 
plotted the bod 3 ’' weights during and after his fast. It vdll be seen that^there was 
a sharp increase in Aveight within the first five da 3 ''s after breaking fast. 

During the limited period of our observation, interest centered chiefly on the 
composition of his blood serum, the serum volume, the extracellular fluid volume, 
and the excretion of gonadotrophms and 17'ketosteroids. The results of our 
anal 3 ’'ses on the serum and urine of Bernard are given jn Table 1. 

The following methods of anal 3 ’-ses Avere used: chloride, Wilson and Ball;®^ 
carbon dio.xide, Van Sl 3 '’ke and NeiU/^ inorganic phosphate, Fiske andSubbaroAv/^ 
total base, Sunderman;"" calcium, Clark and Collip;® magnesium, Briggs;^ 
protein, including-albumin and globulin, PregP and IHngsley;'®- cholesterol, 
(total and ester), Bloor® and Sunderman and Razek/“ urea nitrogen, Karr 
(modified)/® uric acid, Benedict (modified);® serum volume, Sunderman and 
Austin®® using purified congo red;'extra cellular AA'ater, Crandall and Anderson 
gonadotrophins, Levin;®® and 17-ketosteroids, CalloAA'. (modified)® and Cahan and 
Salter.®® 


RESULTS 

Of the inorgiUlic components in the serum it Avill be seen that during fasting 
the concentration of scrum chloride Avas striking^’- decreased, Avhile the concentra- 
tion of total base AA'as 0013^ slightl3’' dimmished The decrease in the concentration 
of cliloride AA-as compensated by an increased concentration of hicarhomte. 
AVithin fiA’-e days after discontinuing his fast the concentration of serum chloride 
had increased above the nonnal range of values, returning to approximateb^ 
tlu' normal I’ange Avithin fort3^-three da3"s after the fast. The concentrations 
of total base and bicarbonate returned to their normal range of A'alues AA'ithin 
five da3'.s. 

'Pin? finding of an increased concentration of bicarbonate during fasting AA^as 
unexpected, since it is Avell knoAMi that reduction in the bicarbonate concentration 
attends the ketosis of fasting. In the fasted .subjects studied b3>- Lennox, 
O’Connor and Bellinger,®^ the greatest reduction in bicarbonate occurred from 
the third to the seA'enth da3' of fasting. .^Vfter the first AA'eek, “these AA'orkers re- 
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ported that the acidosis diminished and the concentrations of plasma bicarbonate 
approached the prefasting levels. Measurements of the plasma pH in two of 
their subjects jdelded only a slightly lowered value of 7.2 in one and a normal 
value of 7.37 in the other. 

It would seem likely that the inverse relationship between serum chloride 
and bicarbonate concentrations obseived in Bernard was probabh^ associated 
with the protracted period of his fasting. It should be noted that Bernard 
had at no time vomited duiing his fasting period and that the decrease in the 
chloride concentration could, therefore, not be attributed to this factor. A 
similar decrease in serum chloride nlth compensatoiy increase in bicarbonate 
has been observed bj' Simdeiman and Rose’^ in a patient suffering from anorexia 
nervosa and who might be regarded as ha^nng suffered from a slow or chronic 
star\ntion for more than two 3'eai’s. In this patient vomiting would also appear 
not to be a factor in maintaining a low concentration of chloride. It should 
be mentioned that the diminutions in the concentrations of serum chloride in 
both of these patients were much greater than the diminutions in semm total 
base. From our studies, it would appear that the factois regulating the serum 
electrohdes during prolonged fasting are more direct!}’" concerned ■v\’ith the main- 
tenance of a constanc}’" in the concentration of the cations than with the dis- 
tribution of the individual anions. 

At the end of his fasting period, the concentrations of calcium and magnesium 
in Bernard’s serum were considerabty increased above the nonnal range of 
values. Five daj’s after discontinuing his fast, the serum calcium returned 
to the normal range and semm magnesium became subnoiTnal, retmning to 
the normal range within forty-three daj's afterwards. 

A similar increase in the concentration of semm magnesium has been observed 
in the patient ^rith anorexia nervosa reported by^ Sunderman and Rose.®* In 
so far as we are aware, no other measurements of magnesium have been reported 
during fasting. Increased concentrations of serum magnesium are observed 
in individuals with lypothalamic lesions,®® having subnormal temperatures and 
depressed metabolic states. In this connection, it might be mentioned that 
hj^peimagnesemia is a characteristic finding in the semm of hibernating animals 
during hibernation.®® 

In five patients in whom measurements of semm calcium were made during 
fasting, Lennox and his associates®* obtained variable values, which, in general, 
were increased dm’ing the fasting state. On the other hand, Gamble, Ross, 
and TisdalP® found no change in the concentration of semm calcium in a child 
at the end of a four da}’" fast. Although the reason for the increase in concen- 
trations of both serum calcium and magnesium is not e\'ident in Bernard’s case, 
nevertheless, attention might be called to the obseivation that there is loss in 
skeletal weight during fasting and presumably release of mineral components 
of bone. It would seem probable that the elevated serum levels of these com- 
ponents might be a reflection of such skeletal changes. 

The concentration of serum proteins at the end of Bernard’s fasting period 
was vlthin the normal range of values, although it will be seen that the albumin 
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concentration had increased at the expense of the globulin. Five days after 
breaking fast, the concentration of total proteins had decreased to 5.4 grams 
per 100 ml., owing chiefly to a decrease in the albumin fraction, the concen- 
tration of globulin having returned to normal. Within six weeks after dis- 
continuing his fast, the concentration of both protein fractions had returned 
to normal. 

Several daj’^s after he had resumed a normal diet, Bernard complained that 
he experienced “tightness” about his knees. Clinically, no peripheral edema 
was demonstrable. It is perhaps significant, although tlie mechanism is not 
apparent, tliat on previous fasts Bernard stated that he had developed pitting 
edema of his legs on each occasion for the first few da 5 'S after breaking fast. 

It Avould appear that the mechanism of edema formation when associated 
with severe undemutrition can no longer be fully accounted for on the theory 
of reduction in the serum colloidal osmotic pressure, since it has been shown 
during World War II that the appearance and severit}’' of famine edema can 
not be correlated with the degree of hypoproteinemia.^^ It is felt that other 
factors, such as diminished venous pressure and diminished elasticit}'’ and ten- 
sion of the skin and subcutaneous tissues, deserve consideration and further 
study in the production of this type of edema. ■ Certainly, stan'-ation, per se, 
does not appear to produce it. 

Although the concentrations of the total cholesterol at the conclusion of the 
fast and forty-three days afterwards were practicalh’’ normal, it should be espe- 
ciall}' noted that the partition of eslcrified and free cholesterol was markedly 
changed, the esterified portion being gi’eatli' increased at the conclusion of 
the fast. In shorter fasting periods from two to seven days duration, Kartin, 
Mann, Winkler, and Peters'*' observed onW slight changes in the cholesterol 
distribution. We believe that the changes obsen'ed m Bernard are probably 
referable to the prolonged period of fasting. 

Since both serum albumin and cholesterol esters are probably synthesized 
b}’' the liver, the increased levels of these components at the end of Bernard’s 
fasting period, suggest an unusual degree of hepatic activity-- in which these 
components are liberated in time of need. That this wmuld seem to be a reason- 
able hypothesis is suggested by the studies of Addis, Poo and Lew'’- who found 
after a seven da}^ fast that the fivers of rats may lose as much as fortj^ per cent 
of their original protein. 

The anatyses of the 7ionprotein nitrogen components in Bernard’s serum in- 
cluded urea nitrogen, uric acid, and creatinine. All of these were increased during 
the fasting period. Similar increases have been observed during fasting by 
Lennox, O’Connor, and Wright,-- Morgulis and Edwards,-' and Hoeffel andhlori- 
arity.'^ 

Changes in the concentrations of blood urea nitrogen and urea clearance values 
in two dogs fasted from nine to ten days were noted b}' Holman." In both 
animals the concentrations of urea nitrogen were increased at the end of the 
fasting period and the values of urea clearance became decreased to about 10 
per cent of the control values. On the first day after feeding was resumed, the 
concentrations of urea nitrogen in the blood became decreased and the urea 
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clearance values returned to prefasting levels. The increased urea nitrogen 
in the blood during fasting has been attributed by -Morgulis and Edwards^‘ 
to be the result of an accelerated catabolism of protein or an impaired excretion 
of nitrogenous products, or both. Since in their obseivations the nonprotein 
nitrogen values returned rapidly to prefasting levels, it vould seem likely that 
if the elevations were due to impairment of excretion, the disabilit}' must have 
been merely functional in character. 

Lennox^'’ reported marked increases in the concentration of ui'ic acid in the 
blood of fasted patients. In his patients the uric acid rose from an average 
prefasting level of 4 mg. per 100 ml. to a fasting peak of 10.6 mg. per 100 mi. 
of blood. Benedict’ has shown that the daily excretion of uric acid in the urine 
is reduced in stan^ation. After two or three days the excretion falls to about 
one-half of the usual endogenous level; however, after five to ten da 3 's the excre- 
tion rises to the ordinarj^ endogenous level. Lennox-” has shomi that the de- 
creased urinarj'- output of uric acid during fasting is accompanied by a reten- 
tion of uric acid in the bod^' and an increased concentration in the blood. In 
children, Hoeffel and hloriarity’^ noted that the increase in uric acid concen- 
tration appeared from the second to the fourth daj^ of fasting and was main- 
tained at a high level until the fast ended. The mechanism causing uric acid 
retention has never been satisfactorilj- explained. 

The serum creatinine was slight!}^ increased at the end of Bernard’s fast, 
returning. within five daj’s afterward to the normal range of values. Of the 
nonprotein nitrogen components measured, creatinine would appear to be the 
least affected hy fasting. This finding is in agreement with that reported b^' 
iNIorgulis and Edwards-’ in fasted dogs. 

No gonadotrophins were detected in the urine obtained during the last da}’ 
of Bernard’s fast. XJnfortunatelj’, no measurements of 17-ketosteroids were 
obtained during the fasting period. Six weeks after ending the fast, however, 
the amoimt of 17-J:-etosieroids in the urine was considerabh' less than normal, 
although the gonadotrophins were excreted in normal quantities. Similar as- 
say’s, in so far as we are aware, have not been reported in fasted subjects al- 
though, it might be noted that reduction in the urinain’ e.xcretion of gonado- 
trophins and 17-ketosteroids, as well as estrogens, have been observed b}’ Sun- 
deririan and Rose®* in a patient suffering "from advanced anorexia neivosa. 
In this patient the diminution in the excretion of hoimones was attributed to 
partial failiue of pituitar}’, adrenal and ovarian actmty. 

The values for the serum volume and cxtracelhdar fluid volume are given in 
Table 2. It will be seen that on the last day of Bemards’s fast, the serum vol- 
mne was great! j’ increased if calculated in relation to his actual weight; when 
calculated in relation to his initial (normal) weight, the serani volume _.was 
onh' slightlj' diminished. Six weeks after concluding the fast, the serum ^ml- 
ume was normal in relation to his actual weight. The calculated amoimt 
of total circulating serum at this time was onlj' 9 per cent more than that ob- 
tained dining fasting, although during this same interval, the bod\' weight 
had increased more than 38 per cent. 

Ballistiocardiogi’aphic studies undertaken bi" Dr. I. Starr during the fasting 
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period indicated that the circulation ratings Avere excessive when estimated 
in terms of actual Aveight, but AA'ere nqrmal in terms of ideal AA^eight. 

The measurements of serum Amlume, the ballistiocardiographic values, and 
the prominence and distention of Bernard’s superficial veins during fasting would 
all suggest that the volume of Bernard’s circulatory bed had not been greatly 
altered by fasting. In this cormection it might be mentioned that, excepting 
the brain, the heart loses percentilely less AA'eight during starAmtion than other 
organs. 

As in the estimations of serum A'olume, the extracellular AA'ater, or thiocyanate 
space, AA^as eleA’ated in ’relation to 'Bem&xd’s fasting weight, but AA'hen calculated 
in relation to his normal AA'eight it AA'as AA-ithin the normal range of values. Kej’’s 
and his associates'^ have recentl}' reported an increase in the extracellular fluids, 


TABLE 2 

Disthibution of Body Fluids 



1 SERUM VOLUME 

i 

EXTRACELLULAR WATER 

ml./kjlogram of tody j 
weight j 

1 

Total 
volume 
in ml. 

! 

Per cent of body 
weight 

Total 

volume 

kilograms 

(actual 

weight) 

(normal 

weight) 

(actual 

weight) 

(normal 

weight) 

45th day of fast 

43 days after fast 

57.5 

47.0 

37. S 

2539 

2867 

33.4 , 

24.0 

23.6 

14.7 

14.6 

Normal values 


43-48 

j 

1 


20-25 

1 


similar to the increase obserA'ed in Bernard, in ciAulian Amhmteers A\'ho subsisted 
on a European type of famine diet for six months. 


COMMENT 

In the study of Bernard the primary importance, AA'e belieA'e, pertains to 
the data obtained on a severely emaciated indiAudual aaEo had obraously under- 
gone a rigorous fast and that the actual length of his fasting period AA^as of some- 
Avhat secondary importance. We AA'ere impressed, hoAA’eA’-er, by the apparent 
sincerity of Bernard’s claim that his fast had been continuous for forty-fiA'e 
days. He aars a I'eligious zealot aaEo, in all of our contacts, took pains in being 
accurate in his statements. The character of the changes in his body AA'eight 
during our periods of observation as AA'ell as the statements of his familj^ phy- 
sician and members of his household, lent support to his claim. 

The length of time that an indiAudual may survive AA'ithout food Avill of course 
depend to a considerable extent upon his phj'sical condition and bodj^ reserA-es 
at the beginning of his fast. Most authorities indicate that it AA'ould probabl}’' 
not exceed nine or ten AA^eeks. One of the longest recorded fasts is that of Terence 
j\IacSAAinne.y, Mayor of Cork, aaIio after his arrest duilng the Irish troubles 
in 1920, AA'ent on a hunger strike AAliich lasted 74 days, and terminated in his 
death. 
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SUM>U.RY 

Studies are reported on the changes that occurred in the blood and ijody fluids 
of a severelj^ emaciated indundual Avho liad undergone a rigorous, \'oluntary 
fast for an alleged period of forty-five days. 

It has been shown that in fasting, when the body is deprived of salt, the 
chloride concentration may be decreased to a much greater extent than the 
total base concentration. ^Moreover, the chloride concentration may be com- 
pensated almost entirely by the substitution of bicarbonate derived from en- 
dogenous sources. These findings direct attention to the mobility and second- 
ary position of cliloride and bicarbonate in the elcctrohde pattern of serum. 
The factors regulating the senim electrolytes appear to be more directly con- 
cerned with the maintenance of a constancy in the cation concentration than 
■vrith the distribution of the individual anions. In prolonged fasting, serum 
bicarbonate may replace serum chloride without any apparent detriment to 
the organism. 

The following additional changes in the comjiosition of the serum were ob- 
seiY^ed at the end of the fa.sting period; 

The concentrations of serum magnesium and calcium were inci eased. 

The concentration of seiaim protein was within noiiual range of values, al- 
though the ratio of albumin to globulin was increased to 4.2. 

The concentration of total cholesterol was essentially normal ; the esterified 
portion, however, was greatly increased and represented about 95 jicr cent of 
the total cholesterol. 

The concentrations of semm urea nitrogen, uric acid, and creatinine were all 
increased above their post-fasting levels. 

Xo gonadotrophins were detected in the urine at the end of the fasting period. 

The serum volume and the extracellular fluid volume Avere both elcA'ated 
in relation to the fasted Aveight, but AA'cre essentially Avithin the nonnal range 
of A'alues AA'hen calculated in relation to the normal Aveight. The data suggests 
that tlie circulator3' bed liad not been greath' altered fastmg. 

Within six AX'eeks after discontinuing tlie fast, the subject had regained his 
normal Aveight and the concentrations of the A'arious .serum components that 
had been measured, AA'ere within the normal range of values. 
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lymphoblastomatous ikvolvement of -noxlymphoid organs* 


GERTOUDE LORNA PEASE, AI.D., axi> JOHN R. .McDOXALD, M.D. 

From the Section OJi Clinical Pathology and the Section on Surgical Pathology, Mayo Clinic, 

Rochester, Minnesota 

Under the classification of Kmphoblastoraas or malignant lymphomas are 
to be foimd ( 1 ) lymphatic leukemia, ( 2 ) Hodgkin’s disease, ( 3 ) lymphosarcoma, 
and ( 4 ) reticulo-endolhelioma. These diseases are found primarily in the hemo- 
poietic organs: bone marrow, lymph nodes and spleen. Secondarily, any 
tissue of the body may become involved with any one of the.se disease processes. 
It is the purpose of this study to investigate, from tissue removed surgically, 
the involvement of non hemopoietic organs, or more specifically, nonlymphoid 
organs. 

BelB classified lymphatic leukemia and Hodgkin’s disea,se vith neoplasms 
because of a closer relationship to neoplastic processes than to infiammatorj^ 
processes. There is no doubt, according to Boyd,- that lymphosarcoma is a 
true neoplasm but a sharp line cannot be drawn between Ijnnphosarcoma and 
Kunphatic leukemia. The cells involved in both condition.s are the small hnn- 
phocytc.s which may be found in the various tissues of the bod}’ as metastatic 
lesions or infiltrations. Studies of the peripheral blood may not reveal the 
presence of leukemia, for one may be dealing with aleukemic leukemia or, as 
was foimd in one of the ca-scs to be pre.sented in this paper, the blood picture 
may not reveal the pre.sence of hunphatic leukemia until the terminal stage 
of the disease. During remissions and in the acute forms, the leukocyte count 
may be normal and immature cells may be absent. According to Boyd, in 
lymphosarcoma the mature l3'mphocytes are replaced by larger, hj^ierchro- 
matic cells irith a .small amount of basophilic c3'toplasm and a round or oval 
nucleus \rith a fairh* prominent nucleolus; mitosis ma}’ be present. The uni- 
formit}’ of cell tA-pes is a characteristic feature. The whole clinical picture 
ma}* have to be taken into consideration before a distinction can be dravm 
between i3'mphatic leukemia and l3’mphosarcoma. 

One of the characterLstic features of Hodgkin’s disease is its pleomorphic 
cell picture. There ma}* be mononuclear and multinuclear giant cells, l}^!- 
phoc^des, plasma cells, pol3*morphonuclear cells and eosinophils. Necrosis is 
frequenth' seen and there is a marked increase of the reticulum. According 
to Bo3'd, in the occasional form known as Hodgkin’s sarcoma, the uniform cel- 
lular picture of neoplasia is pre.sent. The cells are of large and uniform size, 
each with abundant c3doplasm and a large prominent nucleolus. Reticulum 
formation is not a marked feature. In the sarcomatous form there is more 
inA'asion than in the granulomatous form irith its characteristic pleomorphic 
picture. Therefore, it ma}’- become difficult without the clinical picture to 
distingui,sh the meta.static lesions of Hodgkin’s sarcoma from the other l3Tn- 
phoblastomas. 

* Received for publication, November 27, 1946. 
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According to Boyd, lymphosarcoma arises in one group of l 3 Tnph nodes 
and spreads to other groups of nodes.apparentlj" by way of lymphatics. Later 
it may set up true metastasis in other organs, such as the liver, kidneys and 
bone marrow, the tumor cells being carried to their secondar}’- site by way of 
the blood stream. Ewing® stated that the kidneys are fa’i'orite sites for meta- 
static lymphosarcoma. The metastatic lesions may take the form of minute 
foci, of diffuse infiltrations, or of bulky masses of tumor tissue, composed of 
atypical lymphocytes with hj'perchromatic nuclei. The medical literature con- 
tains relatively few reports of such cases. Michaefi"* reported a case of b'mpho- 
sarcoma of a kidney removed surgically in which almost the entire kidney was 
replaced by lymphoid cells, large primary and secondarj^ follicles with rapidfy 
growing cells and numerous mitotic figures. Michael also stated that in his 
necropsy files there was not a single case of lymphosarcoma with renal involve- 
ment. 

There has been considerable controversy on the subject of lymphosarcoma 
of the prostate. Textbooks do not mention the. prostate as a site for meta- 
static lymphosarcoma. Ev'ing stated that true Ij'^mphosai-coma of the prostate 
is ver}’’ rare and that the structure of the gland does not favor the occurrence 
of such tumors. Symmers*® classified the prostate as an auxiliar}’ lymphoid 
focus which may be dormant. Fukase,^ in examining 222 prostates, found 
rudimentary nodes undergoing lij’^perplasia in inflammatory conditions. Ran- 
dall and Hughes,’® as well as Tenenbaum,^® denied the existence of lymphoid 
tissue in the prostate, and Stirling and Ash^^ doubted that primary lympho- 
sarcoma of the prostate exists. Tenenbaum, in a re\’iew of the literature, 
found ten cases of lymphosarcoma of the prostate, five of which had been veri- 
fied by biops.y. He reported a case of lymphosarcoma of the epididymis with 
metastatic foci in the prostate, ‘ mucosa of the recto.sigmoid and superficial 
l 3 Tnph nodes. Ivirshbaum, Larkin and Culver,’" in a review of the literature, 
found fourteen cases of h-mphosai’coma of the prostate and reported one of 
their own, bringing the total to fifteen. Out of a possible fifteen cases of L'mpho- 
sarcoma of the prostate reported in the literature, only one was considered 
to be metastatic in origin. Ewing, in reviewing one of the reported cases of 
lymphosarcoma of the prostate, remarked on the po.Asibility of a small cell 
carcinoma being mistaken for Lymphosarcoma. 

In a j’e\'iew of literatiue for the past ten years, no reference lias been found 
to the urinaiy bladder as a site for metastatic L'mphosarcoma. Rathliun and 
Wehrbein’® reported a case of Lymphosarcoma of the urinar 3 y bladder in a 64 
year old woman who had a ten j'car history of recurrent ej’sfitis. Only five 
cases have been reported in the literature and in all of these cases there was a 
historj' of ej'-stitis of several ^years’ to twentjy-fivc j'ears’- duration. , Secondary 
lymph follicles were found in the bladders. Histologic examination of the 
tumor reported by Rathbun and Wchrbein was made b}’ Ewing, who rei)orted 
two different types of structure, one in which the tumor cells were arranged 
in sheets or islands resembling germinal centers and the other in which the tu- 
mor cells re.sembled small L'^phocyt^s with numerous mitotic figures. 
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EMTHg made the statement that lymphosarcoma of the testes has been a 
common diagnosis but lie expressed the belief that in many of these cases the 
lesion was probably embiyonal carcinoma. He has, however, studied two cases 
which seem to be genuine. He felt uncertain as to the exact origin of this tumor, 
but added that the testicle is sometimes the seat of metastatic Ijunphosarcoma. 
Dockerty and Priestley^ reported four cases of l\'mphosarcoraa of the testes 
vith the microscopic picture of infiltration rather than destruction, fai'oring 
an embolic or metastatic origin of cells. 

Harrington and iMiller,® in reporting on lymphosarcoma of the breast, stated 
that three types of growth may be found: one, in which the breast is involved 
as part of a widespread process; another, in which the breast shows a localized 
hunphogranulomatous neoplasm, which later is found to be part of a S3"stemic 
disease; and, a third t\'pe, localized temphogranuloma or temphosarcoma. 

Cra%'er and Copeland^ reviewed 1G4 cases in which the diagnosis of tempho- 
sarcoma was established b\' biops\' or necrops^^ In seventeen (lO.-i per cent) 
of these cases, bone was involved. Tlie bones involved in order of frequency’ 
were vertebrae, pelvic bones, skull, femur, humerus, tibia, scapula, mandible, 
fibula and ribs. Two t.vpes of osseous change were found, the osteohTic and 
osteoplastic. The involvement of the bones took place by two routes, hema- 
togenous and direct infiltration from contiguous diseased h'mph nodes. 

According to Boyd, Hodgkin's disease is characterized by progressive anemia 
and enlargement of lymph nodes, spleen and liver. The cause is unknown and 
the nature of the condition is uncertain. Boyd further stated that the disease 
has the characteristics of an infective granuloma and a tumor. The pleomor- 
})hism of the microscopic picture suggests an inflammatoiy lesion, whereas 
its local .spread and its fatal termination are characteristic of a malignant lesion. 
Enormous tumor-like masses may be found in the liver, spleen and kidney’s. 
Lesions have also been found in the skin, bone and mucous membranes. Ewing 
mentioned that metastatic growths of considerable extent have been found 
in the liver or lungs and that involvement of bone marrow occui-s terminalh- 
in practically all ca.ses. A'ieta, Friedell. and Graver-® found definite destruc- 
tion of cortical bone representing an entirely different phase of osseous involve- 
ment. In eight of forty-seven cases of Hodgkin’s disease in which necrops\" 
was performed, there was destruction of cortical bone. Graver and Gopeland'* 
in a. group of 172 cases of Hodgkin’s granuloma foimd twente-seven (15.^ per 
cent) in which involvement of the bone was present. Two types of changes 
were found, osteoplastic and osteoh'tic. Two routes of osseous involvement 
were a.ssumed, one from the marrow foci, and the other from contiguous diseased 
Kmph nodes. Graver and Gopeland found the vertebrae and pelvic bones most 
frequently involved and' Yieta, Friedell and Graver found the vertebrae, 
ribs, pelvis and femora most frequenth' involved. 


LirMPH.VTIC LEUKEMIA 

According to Kracke,” the e.ssential pathologic changes in chronic lymphatic 
leukemia are to bo seen in the proliferating hmphoid tissue and the organs in 
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which great numbers of cells are deposited. Any organ in the body may be 
the seat of nodular or diffuse infiltration of lymphoid cells but the most common 
sites are liver, kidneys and spleen. Ivracke also mentioned cell infiltration 
occurring in the testicle, epididymis, ovary, pancreas, esophagus, bronchi, choroid 
conjunctiva, nerve trunks, meninges, sweat glands, salivaiy glands and epicar- 
dium. McDonald and AVaugh^® reported a case of chronic lymphatic leukemia 
with infiltration into the endometrium. Two cases with leukemic infiltration 
of the prostate producing prostatic enlargement and signs of obstmction have 
been reported, one b}' Jacobi, Panoff and Herzlich*’ and the other bj' McCrea.^- 

MATERIAL AND METHODS 

The material for this stud}'’ was taken from patients who were admitted for sur- 
gical conditions to the Mayo Clinic fi-om 1920 to 1945, inclusive, and from whom 
tissue was removed either for diagnosis or for relief of symptoms. After fixation 
in formalin, blocks Avere cut, deh 3 '^drated in varying dilutions of alcohol, cleared 
and embedded in paraffin. Sections 8 microns in thickness were cut and stained 
vith hematoxylin and eosin. Tliis paper is primarily concerned with the l 5 Tn- 
phoblastomatous im'’oh’'ement of nonlymphoid oi-gans as seen in surgical mate- 
rial The organs under consideration are the breast, liA'er, prostate, testes, 
uterus (endometrium), kidne 5 ’’s, bladder and bones. It is the purpose of this 
stud.y to point out the possibilities of finding metastatic lesions in these organs. 

The cases to be presented are divided into three groups. Group 1 contains 
seven cases in Avhich the diagnosis was unquestionably established in the non- 
lymphoid organ by posith'e evidence of the disease process in lymphoid or 
hemopoietic organs. In two of the seven cases, necropsy I’eports were aA'ailable. 
In all seven cases the clinical history and findings on pliA^sical examinations 
were very suggestive of a lymphoblastomatous process. 

Group 2 contains four cases in which the clinical history and findings on ph 3 'S- 
ical examination were ver}'- suggestiA'c of a Ivmphoblastomatous process, but 
tissue from a l 5 mphoid organ Avas not remoA'ed. The histologic picture of the 
neoplastic cells in the nonl3'mphoid organ A\’as so characteristic that a diagnosis 
AA'as not difficult to establish. 

Group 3 contains six cases in AA'hich the histologic picture of the neoplastic 
cells in the nonl3’mphoid organs gaA'e the onl}- positiA'e eAudence of the disease 
process, but .the neoplastic cells so much resembled those foimd in group 1, 
in Avhich diagnosis Avas un question abh' established, that it seems reasonable 
to assume that all cases in group 3 are those of metastatic lAmphoblastoma. 

REPOET OP CASES 

Group 1 

Case 1. The patient, a woman aged 27 j'ear.s, was admitted to the iMaj'o C.'iinic in Xo- 
vember, 1936, complaining of lumps in both breasts of a few weeks’ duration. On physical 
examination freelj' movable nodules in the upper quadrants of both breasts were fell. 
Koentgenographic examination of the thorax reve.'ilcd widening of the mediastinum sug- 
gestive of ljunphosarcoma or a metastatie tumor. X wedge-shaped segment from the 
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mediastinal shadow. In view of the history of postmenopausal bleeding, dilatation and 
curettage was done and endometrial tissue was removed for histologic examination. The 
endometrial stroma was completely replaced by lymphocytes which were larger than normal 
and showed occasional mitotic figures. The endometrial glands were preserved. In view 
of the findings on the peripheral blood, this was unquestionably a case of leukemic infiltra- 
tion into the endometrium (Fig. 3). 

Case 5. The patient, a man aged 57 years, was admitted to the clinic in May, 1943, 
complaining of pain in the left sacro-lliac region extending down the left leg. According 
to the patient the pain had been present for years. On physical examination, there were 
palpable supraclavicular, axillary, cpitrochlear and inguinal nodes. The spleen and liver 
were somewhat enlarged. Both testicles were hard and nodular. Studies made on stained 
smears of the peripheral blood were not diagnostic. Specimens from the right inguinal 
lymph node, left axillary lymph node and left testicle were taken for biopsy. The right 
inguinal Ij'mph node was reported as inflammatorj', but the left axillary node was reported 
as follicular cell lymphosarcoma. Histologic studies made on tissue removed from the 
testicle showed masses of mononuclear cells with fairlj' abundant faintly staining cytoplasm 
separated by strands of reticulum fibers. The nuclei of the cells were moderately chro- 
matic and irregular in size and shape. Mitotic figures were fairly numerous and testicular 
tubules were atrophic (Fig. 4). This cell picture is consistent with that of a lymphosarcoma 
and it will be noted that generalized lymphadenopathy -was found on physical e.vamination 
and a lymph node fairly remote from the region of the testicle was involved by the tumor. 
In this case it is assumed that the primary tumor involved the lymph nodes and that the 
testis was secondarily involved. 

Case 6. The patient, a man aged 79 jears, was admitted to the clinic in July, 1945, 
complaining of dyspnea, precordial pain on exertion, anorexia, nausea, malaise, weakness 
and loss of weight. On physical e.xamination, a blood pressure of 190 mm. of mercury 
systolic and 70 diastolic, auricular fibrillation with complete heart block, pedal edema, a 
mass in the right lower quadrant and a mass in the right testicle were found. A specimen 
was removed from the right testicle for histologic examination and diffuse masses of mono- 
nuclear cells separated by strands of reticulum were found. These cells were of medium 
size with fairly abundant cytoplasm and moderately chromatic nuclei of irregular shape 
and size. Mitotic figures were fairly numerous. The histologic picture was that of a 
lymphosarcoma. Two months later the patient died. A necropsy was done and the 
lymphosarcoma previously described was found to involve the right testicle, adductors of 
the left thigh, paravertebral lymph nodes, heart, left adrenal, ribs, diaphragm and intestine. 
Because of the extensive involvement of the organs by the neoplastic tissue, it was not pos- 
sible to determine the primary site but it may be assumed that the intestine or paraverte- 
bral lymph nodes were primarily involved. 

' Case 7. The patient, a man aged 50 years, was admitted to the clinic in August, 1940, 
complaining of low back pain and loss of weight of one year’s duration, and swelling of feet 
and ankles of three weeks’ duration. Physical examination disclosed generalized periph- 
eral lymphadenopathj'. Studies made on stained smears of the peripheral blood were not 
diagnostic. Roentgenographic examination made on the right femur showed a destruction 
of a crescentic portion of bone just above the femoral epiphysis. A left cervdeal node and a 
specimen from the right femur were removed for histologic examination. Sections of the 
IjTiiph node revealed a lymphosarcoma, reticulum cell type (Fig. 6a) . Histologic examina- 
tion of the tissue removed from the femur showed a monotonous cell picture composed of 
medium-sized mononuclear cells with a fair amount of pale pink cytoplasm. The nuclei of 

Fig. 1. Section of breast showing neoplastic cells separated by strands of reticulumfibers. 
X600. . 

Fig. 2. Neoplastic cells with fairly abundant cytoplasm and irregular hyperchromatic 
nuclei scattered among prostatic glands. X2S5. 

Fig. 3. Endometrial gland with leukemic infiltration into stroma. X600. 

Fig. 4. Atrophic testicular tubule surrounded by neoplastic cells. X600. 
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the cells were round, oval, or irregular and many cells were hyperchromatic. Numerous 
mitotic figures were seen (Fig. 66). This cell picture corresponded to that seen in the 
cervical lymph node and established with some certainty the metastatic nature of the bone 
lesion. 

Group 2 

Case 8. The patient, a woman aged 25 years, was admitted to the clinic in June, 1940. 
She stated that five years before, she had had roentgen therapy for enlarged cervical and 
axillary lymph nodes. No specimen had been taken for biopsy. Two years later, nodules 
had developed in the left breast and on the thoracic wall . .Again she had been given a course 
of roentgen therapy and had improved as before. Three months before she came to the 
clinic, thoracic pain developed. 

On physical examination, small palpable nodes in the right and left cervical regions, a 
palpable axillary node on the right side and a palpable nodule in the left breast were found. 
The nodule in the left breast was excised for histologic examination and revealed a pleo- 
morphic cell picture. Numerous giant cells of the Sternberg-lleed type were scattered 
throughout the section. There were numerous polymorphonuclear cells resembling the 
neutrophils of the peripheral blood and manj' eo.sinophils and mononuclear cells with large 
oval or irregular-shaped nuclei, large nucleoli and fairl 3 ' abundant cytoplasm. A few small 
mononuclear cells with scant\' C3’toplasm and h3'perchromatic nuclei were seen throughout 
the section. There was an increase of the reticulum fibers with areas of fibrosis (Fig. 7a 
and 6). This cell picture was consistent with that seen in Hodgkin’s disease. The history, 
clinical course and response to roentgen thcrap 3 ' in this case along with the findings in the 
breast tissue, established with a fair degree of certainly the presence of Hodgkin’s disease. 

Case 9. The patient, a woman aged 43 3 'ears, was admitted to the clinic in April, 1941, 
complaining of loss of weight and weakness of one 3 -ear’s duration and cough, elevations of 
temperature, and a mass in the left breast of four months’ duration. She stated that, four 
3 'ears before the present trouble developed, she had had radium treatments for carcinoma 
of the cervix. Soon after, there had developed a skin rash, which had been diagnosed as 
pellagra. 

On ph 3 ’sical examination, a mass in the left breast, and palpable liver and spleen were 
found. Pelvic examination gave essential^’ negative results. Studies made on the periph- 
eral blood showed h 3 'pochromic anemia, but nothing diagnostic. Roentenographic ex- 
amination of the thorax showed probable l 3 'mphosarcoma with infiltration of the base of 
the left lung and interlobar pleural thickening. Simple mastectom 3 ' was done. Histologic 
examination of the tissue revealed numerous monouclear cells with fairl 3 ' abundant, 
faintly staining c 3 'toplasm and moderatekv chromatic nuclei, irregular in size and shape. 
An occasional mitotic figure was seen. These cells were sca),tered diffusely among the 
mammar 3 ' ducts (Fig. 9). The cell picture was that of a l 3 'mphosarcoma. .As additional 
evidence of the disease was offered b 3 ' the roentgenographic examination of the thorax, it 
was assumed in this case that the breast was the site of metastatic l 3 'mphosarcoma. 

Case 10. The patient, a man aged 57 3 'ears, was admitted to the clinic in Februar 3 ', 1942, 
complaining of nocturia, frequency, dribbling and a sense of pressure deep in the pelvis of 
four months’ duration. On physical examination, a firm, tense, slightl 3 ' enlarged prostate 
and palpable submental, cervical, axillar 3 ' and inguinal nodes were found. -A roentgeno- 
gram of the kidne3's, ureters and bladder revealed a nonfunefioning right fcidnc 3 -. An 
exploratory operation was done and a retroperitoneal mass deep in the right side of the 
pelvis was found. A few periaortic nodes and a specimen from the right ureter were re- 

Fig. 5a. Section from liver showing island of liver cord cells surrounded b3'_masse3 of 
neoplastic cells. Note tendenc 3 ' of cells to form follicles. X165. 6. Note 
mitotic figures and cells with h 3 ’perchromatic nuclei. X430. 

Fig. Go. Reticulum cell sarcoma of l 3 'raph node. X600. 6. Neoplastic cells from tis^e re- 
moved from femur. Note that histologic picture resembles that in Figure 
6a. X600. 
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moved for histologic examination and were found to he of an infiamrnatory nature. Two 
weeks later, transurethral prostatic resection wa.s done and 5 gm. of prostatic tissue was 
removed. Hi.stologic c.xamination showed, for the most part, .small cells with scanty 
cytoplasm and hyperchromatic nuclei scattered diffusely throughout the prostatic ti.s.suc. 
There were a few cells witli an irregular or oval nucleus and fairly abundant cytoplasm. 
Perineural lymphatic involvement by the ncopln.stic cells (Fig. Sa) and a few mitotic figures 
(Fig. Sb) were found. The malignant cells in this case were composed for the most part of 
cells rcsemblingsmall lymphocytes and umlouhtcdb' the lesion was a lyniiihosarcomn. The 
presence of peripheral lymphadenopathy was certainly suggestive of the widespread nature 
of the disease. 

Cose II . The patient, a man aged 57 }’ear.s, was admitted to the clinic in Oetolier. ItltO, 
complaining of passing blond with the urine. This hematuria ha;l been present for two and 
one-half weeks. He stateil that a specimen of ti.ssuc removed from the bladder had been 
reported as papillary carcinoma. 

On physical examination, there was gcneralizetl lymphadenopathy and an enlarged 
prostate. .\ specimen, taken from the vesical neck for histologic examination, revealed 
diffuse masses of mononuclear cells slightly larger than lymphocytes with rather scanty 
cytoplasm, hyperchromatic nuclei irregular in shape and size, and occasional mitotic 
figures (Fig. 10). No papillary carcinoma was seen in the sections examined. The cell 
picture was consistent with lymphosarcoma and some additional evidence of the disease 
Avas offered by the presence of generalized Ij'mphadenopathy. 

Group 3 

Case 13. The patient, a woman aged 2S, was admitted to the clinic in December. 1020, 
complaining of progrcssiA'c weakness during the previous year. On physical e.samination, 
palpable masses the size of walnuts, were found in both breasts. .A roentgcnographic 
examin.ation of the thorax revealed indefinite small shadows. The right breast and axTllary 
nodes and a specimen from the left breast were removed. On histologic examination. ti.ssuo 
from the right breast presented an appearance consistent with lymphosarcoma. Dis- 
tributed among reticulum fibers were medium-sized mononuclear cells with fairly abundant 
cytoplasm and moderately chromatic nuclei, irregular in size and shape. An occasion.al 
mitotic figure was seen (Fig. 11). Histologic c.xamination made on .sections of the left 
breast revealed the same picture. Since the impression of the roentgenologist was that the 
shadows seen in the thorax were probably due to a primary tumor, it was .assumed that the 
breast was involved secondarily. 

Case 13. The patient, a man aged 72 years, was admitted to the clinic in February, Ifl-fO, 
complaining of frequency and burning on urination, and difficulty in starting the urinary 
stream with occasional hematuria of three years’ duration. On physical examination, an 
enlarged prostate and enlarged inguinal and left cervical lymph nodes were found. Trans- 
urethral prostatic resection was done and 17 gm. of prostatic tissue w.as removed. Histo- 
logic examination made on the tissue revealed small round cells with fairly scanty cyto- 
plasm and an oval or irregular-shaped nucleus. The majority of the cells, Avhich were 
scattered diffusely throughout the sections of prostatic tissue e.xamined, Avero hyper- 
chromatic and an occasional mitotic figure AA-as seen (Fig. 12). The neoplastic cells in this 
case resembled the small lymphocj'te and this case Avas considered as an e.xamplc of meta- 
static lymphosarcoma in the prostate. The enlarged lymph nodes found in the cerA-ical 
region Avere suggestive of the presence of the disease elscAvherc in the body. 

Case 14 . The patient, a Avoman aged 32 years, A\'as admitted to the clinic in October, 

Fig. 7a. Pleomorphic cell picture of Hodgkin’s disease in breast AA-ith area of fibrosis. 

X120. b. Note giant cell of Sternberg-Reed type, polymorphonuclear ceils and 
mononuclear cells. X865. 

FiG.Sa. Perineural lymphatic involvement in prostate by neoplastic cells. X350. b. Neo- 
plastic cells in prostate resembling lymphosarcoma. X600. 
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1940, complaining of weakness, loss of weiglif and elcvalion of temperature in the morning 
and afternoon, of two months' duration. On physical examination, a mass in the right 
upper quadrant of the abdomen was found. An excretory urogram was done and a diag- 
nosis of pyelectasis and caliectasis, probably secondary to chronic pyelonephritis, was 
made. An e.xploratory oj)cration was performed and the right kidney was removed. The 
kidney weighed 215 gm., and about -10 percent of it.s substance was destroyed by neoplastic 
tissue which was comj)oscd of mononuclear celhs scattered diffu.scly throughout the inter- 
stitial tissue of the kidney. The Ticoplastic cells contained fairly abundant cytoplasm and 
moderately chromatic nuclei, irregular in size and .shape. An occasional mitotic figure was 
seen (Fig, 13). The cell picture ivas ennsislent with that of lympho.sarcoma and since the 
kidney is not commonly involved with jiriinary lymphosarcoma, it was assumed that the 
involvement was secondary. 

Cone IS. The patient, a man aged oH yeans, was admitted to the clinic complaining of a 
feeling of discomfort in the left flank. When lying in the prone position, he was able to feel 
a mass in his left side. On physical examination, a large, firm, lobulated mas.s in the left 
side of the abdomen was palfiated. .-X urogram revealed no dye in the left kidney. Left 
nephrectomy was done. The kidney wcighcil 1.020 gm. There was no involvement of the 
renal vein bj’ the tumor, but there were infiltrations into the lumbar muscles and jieritoncal 
implants of tumor tissue. .About 70 per cent of the renal sub.«iance was de.stroycd. Histo- 
logic. studies made on sections from the kidney showed masse.s of mononuclear cells sepa- 
rated by strands of reticulum lil.>er.s. The cells contained abundant pale staining cyto- 
plasm and moderately chromatic nuclei, irregular in. size and shape. There were areas of 
hemorrhage and bloorl pigmenf scaflereti throughout the section. Mitotic figures were 
fairly numerous and an occasional tumor giant cell was .seen (Fig. 11). This case re.sntnblcd 
a case of lymphosarcoma, but the |)rimary site was not determined. 

Case IG. The patient, a man aged Of j'cars. was admitted to the clinic in October, 1911, 
comphiining of loa.s of weight tind pain and .swelling in the left groin and scrotum of five 
months’ duration. On physical examination, shotty right inguinal nodes and a hard fixed 
mass in the left inguimd region extending into the .scrotum were found. Left orchectomy 
was done. The testis and eitididymis together weighed 750 gm. The neoplastic mass 
appeared to be chiefly outside the testis, which .seemed to be involved secondarily. Histo- 
logic studios made on section.s ttikon from the testis revealed tnusses of mononuclear cells 
separated- by reticulum fibers. These cells contained f.airly abundant cytoplasm and 
moderately chromatic nuclei, irregular in .size and shape. Mitotic figures were seen (Fig. 
15). The cell picture was consistent with that of a lymphosarcoma tind it was as.sumcil that 
the testis was involved secondarily, although the primary site was not determined. 

Case 17. The patient, a jnan aged .32 yeans, was a<lmii ted to the clinic in January, 1912, 
complaining of progre.ssivo enlargement of the scrotum of .six months’ duration. A few 
subcutaneous nodule.s over the thorax had developed one month prior to admission. One. 
of these nodules had been removed elsewhere for diagno.sis .and sent here for histologic, 
examination. It wa.s reported as a lympho.sarcom.a. On physical ex.-imination. a firm, 
smooth, nontender right testis and numerous subcutaneous nodule.s scattered over the left 
side of the thorax and the abdomen were found. Right orchectomy was done and a firm, 
white neoplastic mass, measuring 8 bj' 7 by 6 cm., compressing and invading testicular 
tissue, was found. Histologic examination made on sections taken from the testicular 
tumor revealed atrophy of the tubules of the testis and masses of neoplastic cells separated 
by reticulum fibers. The cells were medium-sized mononuclear cells with a fair amount of 
faintly staining cytoplasm and moderately chromatic nuclei, irregular in size and shape. 
Mitotic figures were fairly numerous (Fig. 16). The cell picture was consistent with that of 


Fig. 9. Cells of a lymphosarcoma scattered difTu.sely among mammary ducts. X575^__ 
FigI lb. Neoplastic cells resembling lymphosarcoma beneath epithelium in bladder. Xoio. 
Fig! ri. Neoplastic cells resembling lymphosarcoma in breast. X013. 

Fig 12. Neoplastic gclls resembling hunphosarcoma in prostate. X600. 
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a lymphosarcoma but, again, the primary site was not determined. Additional evidence of 
the disease, however, was ofTcred by the finding of lympho.sarcoma in a subcutaneous nodule. 


CO.MMENT 

As seen in surgical material, lymphoblastoma is of rare occurrence in non- 
lymphoid organs. It is, of course, fairlj* commonly encountered in necropsy 
material but such involvement does not, as a rule, represent a diagnostic problem. 
We have e.xercised extreme caution in arriving at the conclusion that the seven- 
teen cases in this report represent e.xamples of this disease. It is a veil knotyn 
fact that a number of neoplasms under certain conditions can simulate the hnm- 
phoblastomas. Carcinomas, in particular, may assume such small cell forms 
as to be almost indistinguishable from some of the Ij'-mphoblastomas. It is 
ob\dous that surgical treatment should not be emploj'ed for Ijnnphoblastomatous 
involvement of nonlyunphoid organs; and that when the diagnosis is made, treat- 
ment preferably should be by irradiation. 

SUMMARY 

Seventeen operative cases are described in which there was lymphoblasto- 
matous involvement of nonlymphoid organs. The tissues removed, either for 
relief of s^'mptoms or for diagnosis, included breast, liver, prostate, testis, 
kidnej", bladder, bone and endometrium. The pathologic process described 
includes lymphosarcoma, Hodgldn’s disease and lymphatic leukemia. 

The seventeen cases arc divided into three groups. Group 1 mcludes those 
cases in which the diagnosis was established bj* histologic examination made 
on tissue removed from a lymphoid organ. This group includes seven ca.?es: 

1. Breast nith Ijunphosarcoma, finally pro^'ed to be lymphatic leukemia by 
studies of the peripheral blood; 

2. Liver VTlth lymphosarcoma and node from inguinal region with bnnpho- 
sarcoma; 

3. Prostate with lymphosarcoma and node from cervical region with lym- 
phosarcoma ; 

4. Endometrium with leukemic infiltration from a patient with Ijunphatic 
leukemia; 

5. Testis with lymphosarcoma and lymph node with lymphosarcoma; 

6. Testis with lymphosarcoma and necropsy findings of lymphosarcoma in- 
volving adductors of left thigh, paravertebral lymph nodes, heart, left adrenal, 
ribs, diaphragm and intestine; and 

7. Bone Anth lymphosarcoma and cerAUcal node with Ijunphosarcoma. 

Group 2 includes those cases in which the histor}', physical findings, roent- 

genographic examination, or clinical course Avas strongly suggestive of a l 3 Tnpho- 
blastomatous process. There are four cases (8 to 11, inclusiA'e): 

Fig. 13. Neoplastic cells resembling lymphosarcoma among renal tubules. X320. 

Fig. 14. Neoplastic cells resembling b'mphosarcoma in kidney. Note giant cell. X600. 
Fig. 15. Neoplastic cells resembling lymphosarcoma in testis. Note mitotic figure. X600. 
Fig. 16. Histologic picture resembles that seen in Figure 15. X609. 
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8. Breast wth Hodgkin’s disease in whicli the history, clinical course and 
response to roentgen therapy were very suggestive of the disease process; 

9. Breast vith Ij’Tnphosarcoma in which the roentgenographic examination 
of the thorax and physical examinations were suggestive of the disease; 

10. Lymphosarcoma of prostate with generalized peripheral honphadenop- 
athj'^; and 

11. Lymphosarcoma of bladder with generalized peripheral lymphadenop- 
ath3^ 

Group 3 includes those cases in which the only endence of the disease was 
found in the surgical tissue removed but the histologic examinations of the 
tissue revealed malignant cells resembling those found in gi’oup 1 . In this group 
there are six cases (12 to 17 inclusive): 

12. Lymphosarcoma of breast; 

13. Lj^mphosarcoma of prostate; 

14 and 15. L 3 Tnphosarcoma of kidnej'; and 

16 and 17. Lymphosarcoma of testis. 
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A STUDY OF V.iRIOUS METHODS OF STOOL EX.\MIXATION IK THE 
DIAGXOSIS OF SCHISTOSOillASIS J.APOXICA* 

^MLLLOI B. IIESSELBROCK, :Major, SxC; STUART \V. LIPPINCOTT,t 
Lt. Col., MC; EDDY D. PALMER, C.apt., MC; ELLSWORTH W. 

HENDERSON, C.apt., ME: aa'd FRANK P. PAULS, Capt., SxC: AUS 

A study was midertakcn of the results of examinations of the stools of 495 
Amencan soldiers, who had relatively light exposure to tlie cercariae of ScMs- 
iosom/i japonicnm 07i Leyte in the Philippines. The purpose of the investigation 
was to obtain a valid basis for detemiining when it could be asssumed that an 
individual vith bisexual schistosomal infection was no longer passing eggs. The 
pas-sage of eggs into the intestinal lumen is not consistent from day to day because 
(1) the female worm, not being an intraluminal helminth, relies upon parenteral 
oviposition ; (2) eggs may be discharged irregularh- from submucosal abscesses 
into the lumen of the intestine; and (3) it is conceivable that ineffective anti- 
monv' treatment may onh- narcotize, rather than kill the worm, thus serving 
only temporarily to interrupt egg production. 

MATERLV.LS AND .METHODS 

The 495 soldiers in this studv* were unicpie in that thev' comprised a homoge- 
neousgroupofindividuaisfromanonendemic area exposed to the cercariae oiSchis- 
ioso7m japonicnm for a short period of time, -following which they were evacuated 
to a nonendemic area in the Zone of the Interior, The average period duiing 
which the soldiei’s were under observation in this installation was 121 dav'^s. 
Prior to this, the patients had been hospitalized overseas where they had received 
one, or occasionally, an additional course of fuadin and/or tartar emetic five to 
nine months before reaching this hospital. In 335 of these 495 men, the disease 
had been diagnosed overseas on the basis of positive stool examination, while in 
the re.st, the diagnosis had been made on clinical and epidemiologic grounds 
alone. It is possible that some of the patients in the latter gi'oup had onl}' a 
imisexual infection and would therefore pass no eggs. 

At the onset of the study each patient had three stool examinations per week for 
a two week period. If the stools were negative, the patients were given a thirty 
day furlough, or if the stools were positive, the patient was placed on treatment, 
.‘liter the soldiers returned from furlough, their stools were again examined three 
times weekly for another two v’eek period. If the stools were then negative, a 
twenty da}' furlough was given. Upon return of the soldiers fj’om this furlough, 
the same routine of stool e.xaminations was repeated for the final follow-up, thus 
making a possible total of 18 examinations of the stool dui-ing the period of 
observation. 

With passage of time, it appeared advisable to alter this routine in those 

* Received for publication, November 6, 1946. 

j Pfgcgnt address. Univensity of lYashington School of Aledicine, Department of Pa- 
thologv', Seattle 5, Washington. 
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patients remaining negative, so that more consecuti\'e specimens of stool could 
be examined. Accordingly, the following schedule wa.s established: (1) 5 .stool 
examinations each week for two weeks followed by a thirty day furlough; (2) 5 
stool examuiations per week for three weeks followed by a fourteen day furlough; 
and (3) 5 stool examinations per week for three weeks. The routine examinations 
made in these groups were, for the mo.st part, by ‘direct smear, but in addition 
each patient had at least 4 examinations bj' the sedimentation method and one 
by the zinc sulfate method. If a positive stool was detected during this routine, 
the patient was placed on t reat ment . 

The comparative methods used arc .showm in detail in subsequent tables. 
Included arc the results of extensive examinations carried out on a group of 29 
individuals by the following methods: direct smear, zinc sulfate centrifugal 
flotation, .sedimentation by gravity, modified gravity .sedimentation, sedimenta- 
tion by centrifugation and egg hatching. Egg counts were done on 5 specimens 
of formed stool found to be positive on direct smear. A total of 17,295 exami- 
nations on 12,880 stools was made by a combination of eight technics. 

The data recorded here were collected over a seven month period, six months 
to thirteen months after our troops fins! wont a.shore on Leyte (October 22, 1944). 
It may be assumed that the infections were acquired between this date and about., 
January 15, 1945, the period during which the .Army’s anti-.schi.stosomia.sis 
program was becoming fully established. The infections in the patients under 
consideration could have been no le.ss than three and no more than eleven months 
old when first seen here. 


TECHNICS 

In each of the first four teclmics, the e.vamination con.sisted of the scrutini- 
zation of all the material contained under one cover .slip 22 mm. square. 

Direct Smear 

A fleck of feces was scraped from the surface of the specimen, emulsified in 
tap water on a slide and examined. In the ca.se of formed stools, material was 
selected from gross blood or mucus wlien available. Alaterial was taken at 
random from liquid specimens. 

Zijic Sulfate Centrifugal Flotation Tcchni(? 

.An estimated 5 gm. of feces was partly emulsified in tap water by shaking in 
a GO ml. stoppered test tube, strained through one layer of wet gauze into a 20 
ml. tube, washed bj’^ centrifugation at about 1000 R.P.AI for one minute until 
deal', resuspended in aqueous zinc sulfate .solution of specific graviU- 1.180, and 
centrifugalized at about 2000 R.P.M.for one minute. Portions of the surface 
film were examined with the help of D’Antoni’s stain. 

Sedimentation by Centrifugation^ 

After completion of washing by centrifugation as in the first part of the zinc 
sulfate centrifugal flotation technic, a portion of the sediment was pipetted to 
a slide and examined. 
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Sedimeniaiion hy Gravity'- 

Approximatelj' lOgin.offeces was emulsifiedin tap water by trituration, strained 
through two layers of gauze into a 140 ml. urinalysis glass, allowed to stand for 
one hour, carefully decanted, resuspended in water, and then decanted at half 
hour interv'als until the supernatant was clear. A portion of the sediment was 
pipetted to a slide and examined. 

Modified Gravity Sedimentation Technic- 

Aportion of feces estimated to weigh 5 gm. was emulsified in 250 ml.0.5percent 
glycerinated water and strained tlmough four laj'ers of gauze into a 360 ml. wax 
paper cornucopia. After standing for one hour, the supernatant was decanted 
and the sediment resuspended in 0.5 per cent glycerinated water. Decantations 
and resuspensions were then repeated at half hour intennls until the super- 
natant remained relatively clear. Portions of the top, middle. and bottom layers 
were each pipetted to a slide, and the three slides examined; 

Egg Hatching 

The sediment from the sedimentation by gravity teclmic was suspended in 
water and allowed to stand. The clear water at and near the surface was sub- 
sequently examined for miracidia at inter\’als up to forty-eight hours rrith a 
dis.secting microscope or hand lens. A variety of modifications vras used from 
time to time. Chlorinated tap water with pH 7.2, filtered rain water with pH 
6.8, and filtered pond water, pH 7.2, were tried. The preparations were held at 
room temperature and at 30 C. Direct and indirect simlight and complete 
darkness were tried. 

Egg Counting' 

The large drop, displacement modification technic wns used. A portion of 
feces weighing about 4 gm. was made into a homogenous suspension in 56 ml. of 
0.1 N sodium h 5 'droxide solution; 0.15 ml. of the suspension was pipetted to a 
slide and the eggs counted under a 22 hy 40 mm. cover slip. 

RESULTS 

Of the 495 patients whose stools were examined in this hospital, 156 were still 
found to be passing eggs. The 156 men included 26 who had been negative 
overseas. A total of 195 patients who were positive overseas were negative under 
our obseivation. 

In order to find out whether the direct smear method detected positive stools 
equally well during the entire period of observation, the percentage of specimens 
foimd positive during each successive month of the study is recorded in Table 1. 
During the first month, the percentage of positive stools in a group of 476 patients 
was 26.3. From the second to the fourth month, the percentage of positive 
stools dropped (8.9 to 9.1 per cent), while in the small groups observed in the 
fifth and sixth months, the respective percentages were 4.7 and 2.5. These 
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results do not necessarily indicate that the method becomes less satisfactory u-ith 
time, but probably iluit with ])rogression of time and with treatment, the per- 
centage of individiduals with posiliVe stools diminishes. In accord \nth thi.s 
view i.s the fact that, of the last 2,045 c.xaminalions by direct smear of stool.s of 
315 patients made in a period of thirty daj-s, only 1 2 specimens (from 1 1 patients) 
were found to be posili\’e. 

'Jlie relative efficiemw of the several technics emplo 3 'ed from the fii-.st through 
the last part of the stud\' is indicated in Tables 2, 3 and 4. In Table 2, the 
rc.sults arc showai of comparative examijiations of the same specimens in 42 
individuals with po.sitivc stools ob.served in the earh' part of this stud}’. The 
direct smear method detected 88 per cent of the positi\'e patients and the gravity 
sedimentation technic 38 per cent. In the final follow-up period, 80 patients 


TABLE 1 

Pbii Ckn't of Si’bcimc.vs Foi'M) Po.sitivi; by Dirkct S.mb.mi Dcni.vo E.vch Sccckssive 

MoxTft OF STirnv 


MONTI! or OnSERVATION 

TOT.^L 
NrUfJER OF 1 
rATiKNTS 1 

1 

- .1 

TATIENT? WITH 
NECITIVE STOOLS 

Patients with rosiTivx stools 

Number 

of 

patients 

.Vumber 

of 

stools 

Xumber 

patients 

Xumber 

of 

slools 

.Vumber of 
positive 
stools 

Per cent of 
positive 
stool5 


47G 1 

335 

2.000 

141 

1,893 

49S 

2G.3 


417 i 

290 

1,723 

127 

602 

63 

9.1 


27S i 

IGG 

740 

112 

101 

67 

S.9 

Fourth 

2)0 i 

114 

574 

101 

474 

43 

9.1 

Fifth 

lOG 1 

40 

239 

GG 

339 

IG 

4.7 

Sixth 

24 1 

3 

n 

21 

119 

3 

2.0 


were followed five times tluring ten days by direct smear and gravity sedimen- 
tation or sedimentation by centrifugation (Table 3). A total of 798 examinations 
was made Avith the percentage of positive stools.bcing 0.03 and the percentage of 
positive patients 2.5. One of these patients was detected by sedimentation (by 
centrifugation) and by direct smear, the other by sedimentation (by centrifu- 
gation) alone. 

Of 29 patients, each of whom previously had had 18 to 37 negative routine 
stool e.xaminations, 7 were found to I)e po.sitiA’c by multiple technics. Thus, it 
is seen from Table 4 that by using a battery of technics, 4 additional cases were 
found that would have been mi.ssed if only the direct smear method of examination 
was used. 

The negative results in these studies are of importance because they may 
represent failure of the technic employed, or persistent negative results ma}' 
indicate that eggs are not being passed. The number of negative stools examined 
before the first positive stool was found in this ho.spital in 150 patients is .showm 
in Table 5. This illustrates the variation in number of stools that had to be 
examined in a group of patients all of whom were positive, or became positive. 

Data were analyzed concerning the time of appearance of negatiA-e stools in 










201 


EXAMiJCATiox OF STOOL FOE Schistosoma japonicum 

50 patients under treatment and also concerning the subsequent time elapsed 
until appearance of positive stools in persons in vhom treatment failed, or imtil 
a period of from 90 to 120 days after the end of treatment. There ivere 555 
stool examinations, an average of 13 examinations per patient, in the group 
treated -v^-ith fuadin, which included 17 persons with second courses of treatment. 
The range of time during which stools became negative is not known because 

TABLE 2 

CoJ!PAEisoN OF Direct Smear axd Gravity Sedimentation Techntcs on Stool on Four 
Successive Days in 42 Patients with Positive Stools During Initial Period 

OF Study 


DAYS 

KUITBEP OF STOOLS FOSmVE 
BY DtEECr SilEAB 

ITUKBEB OF STOOLS POSTXrVZ 

BY CHAYITY SEDIHEKXATIOK 

1 

1 25 • 

8 

2 

I 16 

5 

3 

24 j 

3 

4 

1 22 

6 

Total 

,.| 87 

22 

Percentage of stools positive 

I 52 

■ i 

I 

13 

Percentage of patients positive 

..! 88 

i 

1 38 


TABLE 3 

Comparative Efficiency of Direct Smear and Sediment.^tion Technics When Used 
Late in the Course of Study Based on Findings in Eighty Patients in Final 

Period of Observation 


OTITBEX OF PATIEKTS WITH POSITIV’E STOOLS 


DAY 

1 i 

1 Direct sniear i 

1 j 

1 Gravity sedimentation j 

1 1 

Sedimentation by 
centrifugalization 

1 

; 0 ! 

; 1 

1 - ■ 1 

1 

2 

i 1 

i - 1 

1 

3 

1 6 


0 

4 

! 0 

0 1 

— 

5* 

j 0 i 

0 ! 

! 

— 


* Xumber of examinations 798; percentage of stools positive .03; percentage of patients 
positive 2.5. 

some remained positive throughout treatment. The average time of reappear- 
ance of positive stools in 17 patients was 51.9 daj's. In the group treated 
with tartar emetic, which included three persons who had second courses of 
treatment, there were 444 stool examinations during treatment, -with an average 
of 16 such examinations per patient. The range of time during which stools 
became negative was from less than one to twenty-one daj'S with an average 
of ten days. The average time of reappearance of ova in the stools in 3 patients 
was eighty-three days. 


















202 


HESSBIiBROCK el ol. 


TABLE -1 


Infections Found by a Combination of Six Technics in 29 Patients Who Had Pbe- 
viousEY Had at Least Eighteen Negative Routine Stood Examinations 


rATIKKTS* 

NUMBER 
OF STOOtS 
PREVI* 
OUSLY 
rouKD 
nf.oative 

TOTAL 
rr.Rioi) OK 
OBSER- 
VATION, 
IN WEEKS 

NUMBER 
OF SPfXI- 
MENS EX- 
AMINED 

TFXnNIC USED 

Direct 

smear 

ZnSO. 

centrifuRal 

flotation 

Sedimen- 
tation by 
centrifu- 
galization 

Sedimen- 
tation by 
gravity 

Modified 
sedimen- 
tation by 
gravity 

hatching 

1 

33 

IG 

s 

0 


1 

0 

0 

0 

2 

31 

15 

9 

1 

0 

0 

1 

0 

0 

3 

18 

S 

1 

1 

0 

0 

1 

1 

0 

4 

18 

11 

1 

0 


1 

0 

0 

0 

0 

19 

15 

3 

0 

1 

0 

2 

I 

1 

G 

22 

22 

1 

2 

0 

1 

0 

0 

0 

7 

33 

20 

9 

0 

0 

1 

» 

0 

0 

Totals .... 



35 

D 

1 

4 

4 

2 

1 


* Patients 1 to 5 had negative stools while overseas and patients G and 7, positive stools 
while overseas. 


TABLE 5 

Number of Negative Stools Examined Before First Positive Was Found in 156 

Patients 


NUMBER OF STOOLS EXAMINED BEFORE i 

FIRST POSITIVE WAS FOUND 1 

NUMBER OF PATIENTS 

ACCUMULATIVE PERCXNTACE OF 
POSITIVT PATIENTS 

Positive on first examination 

27 

17 

1 

34 

39 

2 to 5 

50 

i 71 

6 to 10 

25 

87 

11 or more 

20 

100 


TABLE 6 

Data on 339 Patients with Sciii.stoso.miasis Who Had Negative Stools in this 

Hospit.al 


Number of these patients who had positive stools overseas 


190 


TECHNIC USED 


NUITBEE or EXAMINATIONS 


Direct smear 

Gravity sedimentation 

Modified zinc sulfate technic 
Egg hatching 


8,134 

839 

424 

1,015 


Average number of examinations per patient 30.7 

Average number of stool specimens examined per patient 24.0 


Table 6 shows the results on 339 patients who were negative in this hospital 
but Avhose diagnosis had been made overseas on the basis either of coprologic or 
clinical evidence. On the average, 30.7 e.xaminations on 24 specimens of stool 
Avere made on these individuals. 
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Egg counts on positive stools from 5 patients in the final follow-up period 
revealed 200 eggs per gm. of feces in one case and no eggs in the other 4. 
On theoretical grounds, it maj- be assumed that the stools of the latter 4 patients, 
in each instance contained less than 100 eggs per gmd 

DISCUSSION' AND RECOMMENDATIONS 

'VMien this study was begun, there were no available data on the most effective 
method of stool examination in patients with relatively light infection of Schis- 
tosoma japonicum. This necessitated a serial study with evaluation of different 
teclmics carried out on the same specimens. As a result of this experience 
certain suggestions can be made concerning Future examination of these patients, 
since the demonstration of eggs in the .stool at a later date would constitute the 
chief criterion for administration of further antimony treatment. Liver function 
tests performed before, during and after treatment in these soldiers have shown 
that succe-ssi^'e courses of antimony cannot be given with impunity.® Further- 
more, gro.ss and histopathologic studies of two of these patients who died from 
e.xtemal violence at about the seventh month of the disease indicated, that while 
there was a sprinkling of eggs in the liver, the lesions were minute abscesses that 
subsequent^ become fibrotic. These circumscribed lesions showed no evidence 
of fibroblastic proliferation and even if antimony treatment failed to kill the 
worms, it would appear impossible to have enough seeding of the liver with 
eggs to destroy sufficient parenchjTna to produce a true cirrhosis.® 

In view of the prognosis in these patients, it would seem ad\'isable to give them 
a.ssurance of a favorable outcome and not to hospitalize them unnecessarily. 
Six months after the last hospitalization in the Army, the patient should be ob- 
served again and have dail}’ stool examinations by direct smear and sedimen- 
tation for ten consecutive da3'5 and all liver tests perfoimed which maj'be indi- 
cated. If these tests and the clinical examination are negative, this routine 
should not be repeated until a year has elapsed and, if negative at that time, an 
internal of five 3 'ears could probabh' be safel 3 " peimitted to elapse before further 
re-e.xamination, provided that in this interim the patient had no S 3 mptoms. 

SUMMARY AND CONCLUSIONS 

A total of 17,295 examinations utilizing eight technics was made on 12,880 
stools from 495 American soldiers who contracted .schistosomiasis japonica on 
Le 3 de in the Philippines. 

Among this group there were 15G patients with positive stools, including 26 
patients who had been negative overseas. A total of 195 patients who had posi- 
tive .stools ovei-seas were negative under our obseiwation. 

During the first month of examination b 3 " the direct smear method, 26.3 per 
cent of 476 patients had positive stools, by the fourth month 9.1 per cent of 215 
patients had positive stools and b 3 ’' the sixth month 2.5 per cent of 24 patients 
had positive stools. 

In 42 individuals with positive stools, observation in the early part of the study 
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showed that the direct smear method detected 88 per cent of the positive patients 
and the gravity sedimentation technic 38 per cent. Twelve per cent were de- 
tected by the latter teclmic only. 

During the final follow-up period, 80 patients had stool examinations five 
times during ten days by direct smear and sedimentation by gravity or sedimen- 
tation by centrifugation. The percentage of positive stools was 0.03 and the 
number of positive patients was two, with one being detected by direct smear and 
sedimentation, and the other by sedimentation alone. 

Of 29 patients having from 18 to 37. previous negative stools, comparative ex- 
amination by a combination of six technics indicated that if onlj^ the direct 
smear method had been employed, four positive cases would have been missed. 
The results also show that the direct smear in combination vith one or more of 
the sedimentation methods will detect more positive stools than if any one 
method is used exclusivel}’’ for examination. 

Our results indicate that the direct smear is an efficient and valuable method 
of examination, but that no value can be placed on anj' single negative finding. 
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PULMONARY EMBOLISM IN NONSURGICAL PATIENIB WITH 

PROSTATIC THROMOSIS* 

THOaiAS J. MORAK, 

From the Departments of Pathology of Pittsburgh City Home and Hospitals, Mayvicw, 
Pennsylvania , and Welborn Memorial Baptist Hospital, Evansville, Indiana 

Numerous articles have been published in recent years on the incidence of 
pulmonary embolism following surgical procedures and trauma.^ ■ ^ ® The 

frequent occurrence of pulmonary embolism in “medical” cases has also been 
described,-' ' although it has not been so widely emphasized. The present 
report furnishes data on the incidence of pulmonary embolism in nonsurgical 
cases and stresses the frequency of prostatic thrombosis as a source of pulmonary 
embolisrh. 

This work is based upon a studj’’ of 635 consecutive autopsies which were 
performed during a period of five years, from January’- 1, 1937 to December 31, 
1941, at the Pittsburgh City Home and Hospitals, Ma3wiew, Pennsylvania. 

The autopS3’’ material at this institution is unique in several respects. Almost 
none of the patients had had surgical intervention just prior to death. The 
average age at autops3Mvas high (60.04 3- ears), man3’- patients ha\mg been insti- 
tutionalized because of indigenc3' or because of mental disease. There w'ere 473 
male patients and 162 female patients. Because of the high incidence of “medi- 
cal” (nonsurgical) cases, the high average age at autopsy and the large number of 
indigent and mental patients, I believe that this study more closely indicates 
the causes of death in aged patients and more closely parallels those causes of 
death encountered in general practice, than do the autopsy figures from more 
active general hospitals ha-ring man3’’ surgical patients. 

- PUnMON.-VRY ElIBOLIS-M IX ROUTINE AUTOPSY EXA.MINATIONS 

Puhnonar3'' embolism occurred in 147 of the 635 patients, an incidence of 23.1 
per cent. This is definiteU’^ higher than the incidence given in an3'- report that I 
have re-vdewed. Eor instance. Belt- states that pulmonary embolism occurred in 
approximatel3’' 10 per cent of autopsies at Toronto General Hospital in Toronto, 
Canada, and his figure is much higher than that given in most reports. In the 
examination for pulmonar3'’ embolism, I followed the method, described by Belt,^ 
of opening the main pulmonary arteiw' in situ and carefully exploring all its 
branches after removal of the lungs. 

The division into massive and minor pulmonar3’- emboli is necessaril3’' arbitrary. 
In this stud3', massive embolus Avas diagnosed when one-half or more of the 
pulmonar3" circulation was occluded. On this basis, 43 emboli were classified as 
massive and 104 were classified as minor. 

A definite decision as to the primar3’- source of an embolus is frequenth’- diffi- 
cult. I have listed sources showing onW definite thrombi and have not included 

* Received for publication, September 9, 1946. 

t Present address: Memorial Hospital, Danville, Virginia. 
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probable sources, so that my percentage of emboli of undetermined origin is high. 
The sources for both male and female groups are shown in Table 1. In recent 
years, the deep veins of the legs have been stressed as the primary source of manj^ 
emboli previously classified as of undetermined origin. In this study, the deep 
veins of the legs were explored in only a few instances, but no thrombi were 
found. The possibility that thrombi in the deep veins of the legs may have 
accounted for some of the pulmonary emboh, not onl}'- in subjects in whom no 
source was found, but also in some of the subjects having definite prostatic 
venous thrombi, must be considered. The explanation for the higher percentage 
of emboli of undetermined origin among females would appear to lie in failure to 
detect all of the thrombi in the female pelvic veins. 


TABLE 1 

SoUnCES OF PuLMONAHV EmBOLISM IN 635 Co.VSECUTIVE .\fTOP.SIES 


SOURCE 

UALE PATIE^^^S 

m) 

i 

FEMALE PATIEjrrS 
(162) 

PERCENTAGE 

Prostate ' . . . . 

44 


29.9 

Prostate and other source 

s 


5.4 

Lees 

IS 

15 

22.4 

Heart 

s 

9 

11.5 

Vesical Veins 


5 

3.4 

Hemorrhoidal Veins 

2 

I 

2. 

Spermatic Veins 

1 

0.6S 

Pudendal Veins . . . . , 

1 

0.68 

Ovarian Veins ; 


1 

0.6S 

Left arm 


1 

0.68 

Sagittal sinus 

1 


0.68 

Undetermined 

15 

17 

21.7 


Total 

97 

50 

100. 



A number of authors have pointed out that the percentage of pulmonar}' 
embolism becomes higher with increasing age and is usually highest between the 
ages of 60 and 70. My findings support this belief, but apparentl}’^ the increase 
in percentage of pulmonary embolism does not continue after the age of 70. Of a 
total of 146 males and 60 females in the group aged 70 3 ’^ears or over, I found 
pulmonary embolism in 29 (19.9 per cent) males and in 16 (26.7 per cent) females. 
The incidence of pulmonar 3 '’ embolism for each sex in this age gfoup is approxi- 
mately the same as the incidence for each sex for all age groups. 

The role of congestive heart failure in medical pulmonaiy embolism has been 
stressed repeatedly in the literature. In this series, 55 patients of the 147 
shoving pulmonaiy embolism (37.4 per cent) showed var 3 ing degrees of conges- 
tive heart failure and 37 others (25.2 per cent) showed arteriosclerotic, h 3 ^per- 
tensive, or S3'philitic heart disease vith coronary changes var3ing from mild to 
extreme. There was cerebral softening associated in 1 3 of the cases of pulmonar\^ 
embolism. 
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PULMONARY EMBOLISM IN PATIENTS ■VVITB[ PROSTATIC THROMBOSIS 

Pulmonarj^ emboli apparent^ arose in prostatic thrombi 44 times. Prostntic 
thrombosis, then, accounted for approximately 30 per cent of all emboli and 
represents the leading source of emboli in this report. Pulmonary embolism M'as 
found in 20.5 per cent of all males, while 45.3 per cent of all puhnonar}'^ embolism 
in male patients developed on the basis of prostatic thrombosis. 

Prostatic thrombosis occurred in 84 male patients, which represents an inci- 
dence of 1.3.2 per cent in the total series and 17.7 per cent in males. In more than 
half of the patients with prostatic thrombi (.52.3 per cent) there was associated 
pulmonarj* embolism, indicating that prostatic thrombosis is not only conunon, 
but ma}' be dangerous. 


T.ABLE 2 

Etiologic Factors in Prostatic Thrombosis in 84, P.\tients 


Congestive failure 30 

Acute and/or chronic prostatitis 9 

Prostatic phleboliths 5 

Congestive failure and prostatitis 4 

Congestive failure, prostatitis and phleboliths 2 

Prostatitis and phleboliths 1 

Unexplained 33 


TABLE 3 

Classification of P.a.tients with Pulmon.ary Embolism According to Sex 



! 1 
SCBJECTS AT AUTOPSY j 

! 

I STTBJECrS WITH PJTEMOXAEY ElTEOLISit 

SEX 

1 


1 



1 Number 

j Average age 

I Number 

i Percentage 

.Average age 

Male 

473 

1 

I 61.2 

97 

20.5 

62.4 

Females 

....! 162 

i 5-2 

1 50 

[ 

30.8 

60.6 


Congestive heart failure was by far the outstanding etiologic factor in the 
production of prostatic thrombosis. Phleboliths in the prostatic ple.xus of veins 
and acute and/or chronic prostatitis were not commonl}' associated, while benign 
hjTJertroph}' of prostate, a conunon finding in this series, and carcinoma of the 
prostate, an occasional finding, did not seem to increase the incidence of throm- 
bosis. In a considerable number of patients (33), no causative factors for the 
occurrence of the thrombosis could be determined. Possible etiologic factors in 
the production of prostatic thrombosis in 84 patients are listed in Table 2. 

In most instances, the detection of prostatic thrombosis at autopsy’- is quite 
simple, and the greatly dilated, solid veins are seen vith antemortem clot pro- 
truding from the cut ends. In others, hovwer, detection is difficult, especialli' 
when the prostatic thrombi are small. As my attention became focused on this 
problem by its repeated occurrence, I examined the prostatic plexus of veins with 
greater care. My routine examination included the making of transverse cuts 
across the base, posterior wall and the sides of the prostate at intenuls of approxi- 
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mately 1 cm. I examined the severed ends of tlie veins and then opened the veins 
in longitudinal fashion. In this vay I was able to detect a number of ante- 
mortem clots that might otherwise have escaped notice. 

SUMMARY 

Pulmonary embolism occurred 147 times (23.1 per cent) in a series of 635 
consecutive autopsies on adults in an institution in which the patients were 
predominantly of nonsurgical classification and had a high average age at autopsy 
(60.04 years). Of the 147 emboli, 43 were classified as massive and 104 as minor. 

The percentage of cases of pulmonar 3 '^ embolism, presumabl}" arising on the 
basis of prostatic thrombosis, was surprisingly high. The association of pul- 
monary emboli and prostatic thrombi occurred 44 times to account for appro.xi- 
mately 30 per cent of all cases with pulmonarj’ emboli in the series and for 45.4 
per cent of all male subjects mth pulmonary emboli. Etiolo^ic factors in pros- 
tatic thrombosis are discussed. A large number of prostatic thrombi occurred in 
patients showing congestive heart failure, acute and/or chronic prostatitis, or 
prostatic phleboliths. 
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INFECTION CORYNEBACTERIUM PYOGENES IN IVIAN* 


DOROTHY O. BALLARD, M.T. (A.S.C.P.), ALBERT E. LH>SHER, M.D., 

A2sD DOROTHY D. SEELA% M.T. (A.S.C.P.) 

F rom the Departments of Pathology and Bacteriology, Department of Health, Municipal 

Hospital, Kansas City, Missouri 

The occurrence of Corynebacierium pyogenes infection in man is apparently 
veiy rare. !Many investigators, in reporting work on C. pyogenes as an animai 
pathogen, have pointed out the possibilit}' of the organism being pathogenic for 
man. In our reWew of the literature, we have found only one reference of a 
proved case of human Corynehaclerium pyogenes infection ® In this instance, 
Halbron and Forgeot and co-workers isolated the organism from several abscesses 
in a sheep herder. The patient finst developed an abscess in the thoracic region. 
During the last six months of his life, other abscesses appeared in the left maxilla, 
right arm and upper regions of the right leg. The abscesses were followed by 
formation of fistulas and it was believed that several bones were involved. Ex- 
perimental inoculation of the isolated organism was not fatal for rabbits, guinea 
pigs, or mice. 

Since the original descriptions of C. pyogenes bj* Lucet,^’ Grips, Kiinnemann® 
and Glage,° the organism has been isolated from calves, cattle, pigs and goats in 
cases of pneumonia, summer mastitis, endometritis, p3’-ometra, abscesses, 
pol3'arthritis, nephritis and gi’anulomatous lesions. Brovm and Orcutt^ and 
Rolle^® made comprehensive studies of C. pyogenes. IMerchant^° studied several 
species of Cor3mebacterium as pathogens in domestic animals and LovelP°*^* 
recenth’" investigated the abilit3' of the organism to produce toxin and stimulate 
the production of antitoxin. 

The purpose of this paper is to report a case of human Corynebacteriinn pyogenes 
infection, occuriing as a complication after frostbite of the feet. The report 
includes a description of the organism, with its cultural characteristics, patho- 
genicit3" and serologic reactions. 

REPORT OF CASE 

A 37 j'ear old white male, a truck driver, was admitted to the hospital on January 19, 
1943, complaining of “frostbite of the feet.” He had been subjected to extreme cold for 
forty-eight hours prior to his admission. 

The past historj’ revealed the occurrence of phlebitis in I93S and Wernicke’s disease in 
1939. 

On admission, the patient Avas Avell developed and not acuteb' ill . Physical examination 
was largeh’ negative. The ej^es reacted slowh- to light, but well to accommodation. The 
reflexes were normal. The feet AA'cre red, swollen, painful to pressure and no blanching 
was seen on deep pressure. The distal portions of all the digits AA cre dark in color and 
a large number of blisters A\'as seen OA'cr the dorsal aspects of thedoes. The temperature 
AA'as 102.4 F., the pulse rate 100, the rhythm regular and the blood pressure 126/60. 

The erjdhroc 3 'te count was 4,100,000. The leukoc 3 de count AA-as 13,450, AA-ith 79 per cent 
poljTnorphonuclears, 18 per cent Ij'mphocj'tes, 2 per cent monocj'tes and 1 per cent eosino- 


* Received for publication, October 8, 1946. 
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phils. The blood Wassermann and Kahn tests were negative. The blood sugar was 96 
mg. per 100 cc.; the blood creatinine, 1.3 mg.; and the nonprotein nitrogen, 24 mg. The 
urinalysis was negative except for 2 plus albumin. 

The patient’s feet were carefully cleaned and sprayed with sulfathiazole. They were 
wrapped in sterile cotton and the patient was placed in a Sanders’ bed. Four gm. of sulf- 
athiazole was administered by mouth daily. Inspection of the feet three days after admis- 
sion revealed considerable improvement with return of color to all portions except the toes, 
in which there appeared to be definite evidence of gangrene. On January 25, the patient’s 
temperature suddenly became elevated to 103 P. from previous readings of 99 F. and 100 
F. A skin rash accompanied the fever. Inspection of the feet failed to show further sig- 
nificant changes. X-ra}' films of the chest were negative. Sulfathiazole was discontinued 
since it was bcliev'ed that the patient was sensitive to the drug. On January 28, administra- 
tion of sulfathiazole w«is again started and the patient again reacted unfavorably. On 
February 1, amputation of all the toes of the left foot and four toes of the right foot was 
performed. The pathologic examination revealed sections of skin, supporting tissues and 
necrotic bone, all of which showed a rather intense inflammatory reaction characterized 
by large numbers of polymorphonuclear leukocytes, edema, fibrin and cell debris, with 
evidence of gangrene. No organisms were identified in the sections. 

On February 9, the temperature curve was diurnal in type. Inspection of the feet 
showed the operative incisions to be satisfactorilj’ granulating and no infection was visible. 
The patient continued to have daily elevations of temperature, up to 103 F. and 104 F. 
Culture of the blood, drawn on Februar}' 16, revealed Conjnebactcrium pyogenes. At this 
time, the white blood cell count was 16,000, with 73 per cent polymorphonuclear leukocytes, 
19 per cent lymphocytes, 4 per cent monoC 3 'tes and 4 per cent eosinophils. The blood 
chemical findings were normal. The urinalysis was negative. The patient was given 
sulfanilamide, 6 gm. daily, and several daj's later a blood level of 5.5 mg. per 100 cc. was 
recorded. No unfavorable reaction was apparent. The fever began to abate and the 
patient appeared improved. Inspection of the patient’s feet showed evidence of infection 
at the operative sites and in the region of the heels. .•Vbout the heels, small sinus tracts 
had developed with seropurulent drainage. Cultures taken from the feet revealed the 
identical organism as that isolated from the blood. On March 10, the patient’s hemoglobin 
had dropped to 55 per cent and the red blood cell count to 3,000,000. He received several 
blood transfusions. The patient’s local condition did not improve. The temperature 
curve returned to normal and the sulfanilamide was gradually reduced to small doses. 
X-ray films of the feet showed minimal destruction of the os calcis of the left foot. There 
was no evidence of peripheral arterial disease. Clinically, a low grade infection was still 
present in the incisional areas and heels, and the sinus tracts in the heels continued to drain. 
Repeated blood cultures were all negative. The patient was discharged from the hospital 
on May 1, and was able to walk with the aid of crutches. He returned to the hospital for 
plastic repair of the extremities. On October 20, 1944, cultures from the areas of the feet 
previously treated still revealed C. pyogenes present. 

BACTERIOLOGIC FINDINGS 

The organism was first isolated from a routine blood culture taken on February 
16, 1943. Fifteen cc. of blood was drawn and inoculated into mediums bt' 
distributing 5 cc. into brain broth, 5 cc. into brain heart infusion broth, 1 cc. into 
thioglycolate broth and 2 cc. each into plain agar and dextrose agar pour plates. 
In three days, the flask of brain heart infusion showed evidence of growth in the 
form of two or three individual colonies among the blood cells in the bottom of the 
flask. Microscopic examination showed pleomorphic, small gram-positive 
bacilli. The bacilli varied in length from 0.3 to 2 microns. For the most part, 
they took a uniform stain, but a few showed barred forms. They were arranged 
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in clumps or in palisades, like diphtheroids. On the fourth day, one deep colony 
Avith a zone of hemolysis, approximately 2 mm. uide, appeared in the dexd rose 
agar pour plate. l\ith Gram’s stain, the organisms of the colony showed the 
same microscopic characteristics. Subsequent blood cultures taken February 
24, March 2 and April 5, 1943, Avere negatiA’^e. 

On February 25, pus from a draining sinus on the patient’s right foot was 
cultured. It shoAA'ed a heaA'v groAA-th of the same gram-positive bacillus and a 
light groAA'th of hemolytic Staphylococcus aureus. On April 27, cultures Acere 
taken of pus from a draining sinus in each foot. Both cultures shoAved findings 
identical to the preAuous culture from the right foot. 

Repeated cultures from the sinuses of the feet AAure taken during the next 
eighteen months, AA’hen the patient Ausited the out-patient clinic. Cultures of 
the patient’s feet taken on August 2, September 9 and October 20, 1944, still 
shoAA'ed the presence of the predominant organism as Corynehacierium pyogenes, 
in association AAith hemolytic Staphylococcus aureus. 

Morphology. Further subcultures on mediums containing blood or blood 
serum shoAA'ed the same pleomorphism as originally seen. The organism ap- 
peared as short, thin gram-positiA-e bacilli, or cocco-bacilli, often in palisade 
arrangement similar to that of diphtheroids. On staining a tA\'enty-four hour 
culture, most of the organisms shoAA'ed gram-positive characteristics, but occa- 
sionally some appeared gram-amphophilic. IndiAudual bacilli frequently ex- 
hibited irregularities of densitj' in staining, producing a similarity to the barred 
forms of C. diphtheriae. They A-aried in size from 0.3 micron in the coccoid form, 
to 2 microns in the longer form. They shoAA-ed little eAudence of clubbing and 
AA'ere nonmotile. 

Cidtural characteristics. The organism seemed to groAA* equally Avell aerobically 
and anaerobically. One of the predominant characteristics aa^s its ability to 
hemolyze blood, producing a zone of hemolysis Avhen groAAm on human or rabbit 
blood agar. The colonies, Avhen groAAn on blood agar, appeared in twenty-four 
hours as small pin point colonies, AAith zones of hemob^sis, appro.ximately 2mra. 
wide. They A\'ere similar to the colonies of beta-hemolytic Streptococcus. In 
forty-eight hours, the colonies appeared slightly larger and opaque, A\1th a dr3'' 
granular surface and larger zone of hemob'sis. As the colonies aged, they 
became medium-sized AAlth increased opacitj^ and granularit 3 ^ The zones of 
hemolysis increased to 5 or 8 mm. in AAidth. 

The organism reproduced Avell onb-^ on, or in, mediums containing blood or 
blood serum. There AA^as no groAvth on plain agar. There AA*as no pigment pro- 
duction. It grcAv in plain broth onb’^ in association AA-ith the hemobdic Staphylo- 
coccus aureus. The morphology and groAA'th AA'as e.xcellent on Loeffler’s medium. 
It greAv in thioglycollate broth AA'ith added blood serum. For groAvth in any of 
the fermentation broths, it Avas nece5sar3' to add blood serum. 

Fermentation tubes ^vere empIo 3 "ed using 0.1 per cent broracresyl blue and 1 
per cent sugar and an enrichment of blood serum. The organism shoAA'ed 
fermentation AA'ith acid production, from de.xtrose, sucrose, lactose, arabinose, 
trehalose, xA'lose, maltose and leAmlose, AA'hile mannite and inosite AAure not 
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fermented. The following chart gives the sugar fermentations of our strain and 
of various other strains of C. pyogenes, as reported by Bergey,- Merchant’® and 
Lovell.’® 

Subcultures of the organism isolated from the blood and sinuses of the feet of 
the patient were sent in March, 1943, to the National Institute at Bethesda, 
Maryland, for identification. On April 19, 1943, the Institute reported the 
identity of the organism in these cultures as Corynehacterium pyogenes. 

SEROLOGIC REACTIONS 

The patient’s serum taken on August 2 and September 9, 1944, was tested for 
antitoxin content according to Lovell’s’® method with known Corynehacterium 

TABLE 1 


Reaction of Different Strains of C. pyogenes with Respect to Fermentation in 
Sugar Mediums, As Reported by Various Authors 


UXOIUU 

OtTR STRAIN* 

BEKCEY* 

MFECnAS*T’S STRAIN* 

lOVTXl’s STRAIN' 

Dextrose 

+ 

+ 


+ 

Sucrose 

+ 


+ 

— (few strains 





+) 

Lactose 

+ 

+ 

+ 


Arabinose 

+ (slow) 


— 

+ 

Mannite 

- 

— 

+ 

— (few strains 





+) 

Trehalose 

-f- (slow) 




Inosite 

— 

— 

1 


Xylose 

-f (slOB*) 

+ 

— 

+ 

Litmus milk 

acid, slight 

acid, slight 

(few strains -f-) 

coagulation 


coagulation 

coagulation 

coagulation 

and digestion 




and diges- 





tion 


Maltose 

+ 


+ 

-b 

Levulose 

+ 


+ 



pyogenes toxin. These serums failed to show an 3 ’- antitoxin present other than 
in the undiluted state, which is within the range of normal as determined bj’’ 
Lovell in his work on human serums. Unfortunatel}^ serums previous^’’ 
obtained from the patient were discarded before antitoxin studies could be 
carried out. 

A rabbit was first inoculated intravenouslj'^ on Alaj’- 10, 1943, with 1 cc. of a 
forty-eight hour culture of the organism isolated from the patient. The animal 
died during the tliird night. Cultures taken from the rabbit were negative and 
microscopic examination of the rabbit’s tissues showed no specific lesions relating 
to the inoculated organisms. 

Several animals were inoculated October 27, 1944, with a forty-eight hour 
culture of the organism isolated from pus from the patient’s foot on October 20. 
The animals ivere first bled and then inoculated as follows: one rabbit, 1 cc. 
intraperitonealty; one rabbit, 1 cc. intravenously; one guinea pig, 0.5 cc. intra- 
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peritoneally; one guinea pig, 0.5 cc. subcutaneously; 2 mice, each 0.2 cc, intra- 
peritonealty; one mouse, 0.2 cc. subcutaneously. The animals developed no 
particular symptoms, nor did any of the animals die. Three weeks after inocula- 
tion, the animals were again bled and killed, but no abnormalities were obser\'ed 
on autopsy. Tissue sections taken for microscopic study failed to reveal specific 
lesions. 

Antitoxin determinations were run on the serums obtained before, and three 
weeks after, the inoculation of the animals vdth the isolated organism. The 
antitoxin determinations were made according to Lovell’s^- method, with some 
modification. 

Dr. Lovell supplied the known Corynehactermm pyogenes toxin and antitoxin, 
which had been found to have the following values: dried C. pyogenes toxin, 

TABLE 2 


Protocol of Primary Titration of C. pyogenes Toxin and Antitoxin 


TTIBE 

AJIOtJKT OF C. 
pyogenes Avn- 
ToxiK added: 
1:S0 DILtmOK 
OR i U. PEE 
0.5 cc. 

AMotnn OF C. 
pyogenes dried 
TOXIN added: 
0.06 CM. PER 10 
cc. saune 


1 PES CENT 
BABBIT CELLS 


1 

2 

3 

0.5 cc. 
0.5 cc. 

0.5 cc. 

0.5 cc. 

0.5 cc. 
dilution 1:2 
0.5 cc. 
dilution 1:4 

Incubate 1 
hour at room 
temperature 

1 cc. 

1 cc. 

1 cc. 

Incubate 

1 hour at 
37 C. 

4 

0.5 cc. 

1 

1 

0.5 cc. 
dilution 1:8 

1 

i 

1 cc. 



continue serial dilutions 





of toxin, as above 




Control I 

O-.'j cc. nlus 0.5 cc. saline 


1 cc. 


Control II 


1 .0 cc. saline 


1 cc. 



approximately 0.006 gm. = 1 Lh dose; C. pyogenes antitoxin, 1 cc. = 25 “x” 
units. A primary titration Avas done, using a fixed amount of antitoxin in each 
tube and varying the amount of toxin to determine Avhat dilution of toxin would 
give a 2 plus hemotysis of 1 cc. of 1 per cent rabbit cells with f “x” unit in 0.5 cc. 
of antitoxin. 

That dilution of toxin Avhich showed a 2 plus hemolysis A\ith J “x” unit of 
antitoxin was then used to titrate the various animal serums. The animal 
serums were heated forty-fiA''e minutes at 56 C. Then each serum ivas titrated 
making serial dilutions from 1:2 to 1:2048, and using 0.5 cc. quantities; to each 
dilution Avas added 0.5 cc. of determined toxin dilution. Tubes Avere incubated 
one hour at room temperature; 1 cc. 1 per cent rabbit cells Avas added to each 
tube, and then the tubes were incubated one hour at 37 C. The 2 plus hemolysis 
end point AA-as read. The folloAAung controls AA*ere used: control I, saline and 
rabbit cells; control II, % “x” units antitoxin, saline and rabbit cells; control III, 
duplicate 2 plus hemolysis tube of | “x” units antitoxin, dilution of toxin 
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determined in primary titration and rabbit cells. Two normal rabbit serums in 
serial dilutions were also run as controls. 

None of the serums of animals taken before inoculation showed anj' titer. 
Only the serum of the rabbit which had been inoculated intraperitonealb'^ Y-ith 
1 cc. of a forty-eight hour culture of the organism showed a titer. This seium 
showed a content of C. ‘pyogenes antitoxin of 512 “x” units per cc. This demon- 
strated that our organism was capable.of inducing formation of specific antibody, 
which in turn could be titrated with a kno\ra C. pyogenes to.xin. Thus the 
organism was identified serologically as Corynehaclerium pyogenes. 

C. pyogenes isolated from animal infections, has been found to be pathogenic 
for rabbits, mice, rats and guinea pigs.*' ^*' But the strain isolated by Forgeot 
et. al. •* was not fatal for laboratory’' animals. It is possible that strains vary a 
great deal in \drulence. It may be postulated that this strain of the organism 
which we isolated lost some ■vdrulence because of the chronicity of the infection, 
the chemotherapy employed before cultures were taken, or because of the sero- 
logic studies made. 


COMMENT 

The present report offers e^ddence that Corynehacleman pyogenes is pathogenic 
for man. Th? organism invaded tissue already weakened and damaged by' 
frostbite and produced an infection ha^^ng both acute and chronic phases. It 
produced further local tissue damage and bone necrosis. It was hazardous as a 
blood stream invader, since the septicemia which occurred in this case, offered 
opportunities for metastatic lesions to occur. Presumably', however, the sulfona- 
mides acted to prevent the establishment of other foci. That the organism can 
involve bone was shown by the .\-ray' findings. 

The necrotic lesions, the sinus formation and the involvement of the bone in 
this case appeared to be similar to the types of lesions which Avere produced in 
the patient described by Forgeot el. al."' Both of these human strains are similar 
in the types of lesions produced and in their inability to cause a fatal infection in 
laboratory animals. 

This strain of the organism A\-as able to groAv and produce localized areas of 
degeneration. The failure to demonstrate lesions in inoculated animals is 
possibly due to the Ioav Aumlence of our strain, or to A-irulence that was altered 
by previous chemotherapy'. A notable feature of the infection in this human 
case AA'as its long chronicity, e.xtending OA'er many' months. 

SUiMMARY 

An instance is reported of a human infection AA'ith Corynebactemnn pyogenes 
which constitutes the second such infection reported in the literature. In 
the present infection the tissue shoAved preA'ious circulatory damage. There AA-as 
also a septicemia. Serologic examination showed production of toxin by' the 
organism and the ability of the latter to stimulate formation of antibody. 

Acknowledgments. The authors Avish to e.xpress their thanks to Dr. I. A. Merchant, 
Iowa State College, Ames, Iowa, for supplying us AA'ith cultures of C. pyogenes used for 
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DIFFUSE OSTEOID REPLACEMENT OP THE BONE MARROW 

Report op Case* 

EMIL MARO SCHLEICHERt 

Froni (he Deparlmenl of Internal Medicine, Minneapolis General Hospital, 
Minneapolis, Minnesota 

Intravital bone marrow studies have become an important aid in clinical 
diagnosis, particularly in the search of etiologic factors underhung unexplained 
peripheral hematopathologic disorders. Since some diseases of this blood form- 
ing organ have not been discovered bj”^ physical findings, roentgenograms, or 
elaborate laboratoiy data, we have been led to the adoption of “sternal aspira- 
tion” as a routine procedui e® . 9 . 12-15 institution. While sufficient marroAV 
tissue is generally obtained with the aspiration method, cases are encountered 
that require the use of the sternal needle as an instrument to procure an adequate 
specimen for biops3^ Among the morbid conditions of the marrow subject to 
biopsy are . Hodgkin's disease (granulomatous tj^pe), metastatic carcinoma, 
Ewing’s tumor and malignant hemangio-endothclioma. 

It is the purpose of this paper (a) to report a case in which the organ opathologjq 
namelj" “diffuse osteoid replacement of the bone marrow,” was demonstrated 
bj'- the m.ethod here described and (b) to re-emphasize the value of the needle 
method to furnish material for biopsy when one fails to obtain marrow tissue 
(sternal marrow units) with the aspiration procedure. In the writer’s file of 
more than se^'^eral thousand bone marrow specimens, the combined files of the 
Department of Pathology of the Alinneapolis General Hospital and University of 
IMinnesota, as well as in the available literature, no identical or similar case is 
recorded. 


REPORT OF CASE 

A critically ill 73 year old woman of Norwegian stock was admitted on March 20, 1945, 
• to the medical service of the Minneapolis Genera! Hospital. She had lobar pneumonia 
and a severe anemic state. She e.xpired March 22, and an autopsy was performed. 

The essential laboratory data were as follows: hemoglobin, S.O gm. per 100 cc.; erythro- 
cytes, 2,700,000 per cu. mm.; leukocytes, 13,600 per cu. mm.; differential count (percentage 
of cells), neutrophils 67, lymphoc 3 des 12, monocytes 6, eosinophils 3, basophils l,meta- 
myelocjd.es 8, neutrophilic myelocytes 3, reticulocjdes 1 . One normoblast was observed 
per 100 leukocytes. The mean corpuscular diameter of the erythrocytes was 7.6 microns. 
The blood Wassermann test was negative. 

The past history revealed that the patient had been hospitalized in 1938 with a Colies’s 
fracture of the right wrist that resulted from a fall on an icy street three days before she 
presented herself for treatment. The fracture caused only moderate discomfort and was 
reduced without surgical intervention. Recoverj" was uneventful. No anemic state was 
present at that time. She was the eldest of three children and as-far as she knew, 
her brother and sister were in good health, although she had had no contact with either 
one for many years. Her parents died of old age and neither came to autopsy. 


* Received for publication, November 2, 1946. 
t Parke Davis and Company Research Fellow in Hematology. 
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Fig. 1. Upper roentgenogram made in 193S shows the CoUes’s fracture of 
the right rathus beforeitwasreduced (whitearrow). Lowerroentgenograms 
made in 1945 show the left and right sides of the chest. Note the marked 
degree of osteoporosis, which is in sharp contrast to the opacity of the bones 
in Albers-Schonberg disease. 

Because of the presence of an unexplained se%'ere anemic state at the time of her recent 
admission, a sternal aspiration vras performed. A standard sternal aspiration needle 
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(Fig. 2) was employed. The anterior lamina of the sternum was easily penetrated. 
But in spite of proper technic, no marrow tissue could be aspirated. A small core of marrow 
tissue was obtained by the method described here. 

NEEDLE JIKTHOD FOR BIOI’SV 

The needle is inserted into the anterior lamina and medullary cavity of the 
sternum, and wliile still in situ and without stylet, is turned several more milli- 
meters into the medullary cavity. An airtight glass syringe reinforced with a 
metal adapter is attached to the needle head and suction applied while the needle 
part is turned into the medullaiy cavity. The negative pressure is maintained 
while the instmment is withdraA\Ti in order to hold aspirated tissue in the lumen 
of the needle. A tissue core thus obtained may be expelled from the lumen by in- 
troducing the stylet and gently pushing out the specimen into a fixing fluid (con- 
sisting of 1 part of neutral formaldel^'de, 40 per cent saturation and 9 parts of 
physiologic sodium chloride), or forcing fixing fluid directly into the lumen of 
the needle. ^Vlien imprints or smears of the tissue are desired, it is best to place 
the unfixed specimen upon a paraffin coated glass plate in order to permit easy 
transfer of a small part to a wood apjfiicator and glass slide, respectively.^® 

HISTOl’ATHOLOGY OF THE nONlO MARROW 

Histologic preparations of the tissue core revealed that the s])ecimen consisted 
of several fragments of osteoid, fibrous tissue, some erythroid and myeloid cells 
and fat. It was deemed advisable to determine whether the obser\’ed pathologic 
process was restricted to the aspirated area, or was diffuse in character, in order 
to classify the morbid condition correetty. Thus, aspiration of marrow from 
several bones was planned, but the sudden death of the patient nullified this 
intention. At autopsy, several specimens were taken from the sternum, ribs 
(one of Avhich showed a well healed fractui’c), vertebrae, left and right humerus, 
right radius near the healed Colles’s fracture and the middle portion of both 
femurs. All bones, with the exception of the latter, could be cut easily vilh a 
knife. Serial sections of the bone specimens showed the following histopatholog 3 ^ 
The cortex varied in thickness, the bone trabeculae in some areas were thicker 
than normal and closely spaced, whereas in other areas they were normal in size 
and spacing. Osteoid tissue was scattered througho\it the medullary cavity, 
the amount varying considerably in the individual sections taken from a single 
bone. The specimens from femur showed various-sized osteoid islets, a con- 
spicuous quantity of fat, some hematopoietic islets and a small amount of fibrous 
tissue. 

The sections of all other bones showed areas of marrow hyperplasia alternating 
with areas of various degrees of hypoplasia and fatty' metamorphosis. Fibers 
and fibrous cords, which appeared to be thickened and fused reticulum fibers, 
surrounded bone trabeculae and also coui-sed between osteoid islets. Within 
broad fibrous bands and knobs, small amounts of calcium were deposited. 
Figure 3 shows clearly the over-all histopathology just described. Sections of 
liver, spleen, l 3 Tnph nodes, kidneys and other routine autops 3 ' material revealed 
nothing of note. It is of particular interest that the organopathology was not 
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Fig. 2. Aspiration needle used (K-S sternal needle made by V. Mueller and Co., 408 
South Honore Street, Chicago 12, Illinois). 



Fig. 3. Average serial section of the sternum about 7 microns thick. The bony tra- 
beculae arc somewhat thickened and closely spaced. The diffuse replacement of bone 
marrow by osteoid tissue, small amounts of fibrous tissue, and moderate fatty metamor- 
phosis of the scattered hematopoietic islets is well shoam. The histopathologj' in the 
other fiat and long bones did not deviate appreciably from this ov'er-all pattern. 
Hematoxj’lin and eosin stain. X 400. 

revealed by the appearance of various bones in the roentgenograms which w'ere 
interpreted as characteristic of “senile o.steoporosis” (Fig. 1). 
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DISCUSSION 

The case reported here suggests a genetic relationship to Albers-Schonberg 
disease. To classify the observed condition as a biologic variation of either the 
dominant or the recessive form of this hereditary and clinical entity, how- 
ei^er,^ is subject to approval by students of this disease, but one may 

hypothesize that the “diffuse osteoid replacement of the bone marrow” is a 
mutation of the aforementioned disease. Analysis of the over-all histopathology 
of Albers-Schonberg disease revealed that the morbid process resolves itself into 
the following features: (a) endochondral ossification is disturbed as soon as bone 
formation begins; (b) there is continuous production of true bone, thickening of 
bone trabeculae and production of fibrous tissue; (c) there is loss of elasticity of 
the bones, causing brittlenes; and. (d) finally, the progressive thickening of the 
cortex and encroachment of the medullary cavit}’^ by newly formed bone makes 
for the extreme hardness and characteristic opacity (structureless appearance) 
of the bones in the roentgenogram. The described pathology of the marrow and 
the state of the bones in the present instance deviate from the over-all pattern of 
Albers-Schonberg disease because: (a) osteoid tissue and not true bone replaced 
the marrow substance; (b) the appearance of the bones in the roentgenogram 
was that of “senile osteoporosis;” and (c) the bones could be cut easily with a 
knife. In view of the fact that osteoid, fibrous and lipoid tissue replaced the 
marrow, and that this process apparentlj’- caused no specific clinical symptoms, 
the case presented here may be considered as a heretofore unrecognized mild 
form of Albers-Schonberg disease, keeping in mind that the hereditary character 
of the organopath'ology is not established. It is believed that the described 
morbid process is not a variable of the condition known as “myelosclerosis” or 
“myelofibrosis,” which is characterized by some true bone formation and 
replacement of the marrow by dense fibrous tissue, splenomegaly, extramedullary 
hematopoiesis and a more or less conspicuous leukemoid reaction.^ - “ 

SUSIMARY 

A case with “diffuse osteoid replacement of the bone marrow” in a 73 year old 
woman is reported. The organopathology was demonstrated during life by 
a method which is described for furnishing material for biops 3 ^ The diffuse 
character of the morbid process was elucidated by the microscopic examination 
of bones obtained at autopsy. The bones could be cut easily mth a knife. 

The appearance of the bones in the roentgenogram was that of “senile 
osteoporosis.” The possibility of a genetic relationship of the organopathology 
to Albers-Schonberg disease is discussed. 

Diffuse osteoid replacement of the bone marrow is apparentlj'^ rare. No 
diagnostic clinical symptoms revealed the condition. 

The value of intravital bone marrow studies and the importance of keeping 
in mind primary diseases of the bone marrow as an eitologic factor of obscure and 
refractory anemic states is clearly shown. 

Acknowledgments. I wish to thank Dr. G. E. Fahr, Head of the Department of Internal 
Medicine, Minneapolis General Hospital, for his permission to publish the case, and Dr. 
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ERYTHROID MULTIPLE MYELOMA* 

CAUL E. TAYL01l,t Assistant Surgeon (li) USPHS 
From the U. S. Marine Hospital, Pittsburgh, Pennsylvania 

REPORT OF CASE 

Clinical Data 

R. T., a GO year old wliite male, a riverboat engineer, was admitted to the U. S. 
Marine Hospital, Pittsburgh, Pennsylvania, !May 19, 1945. His family history 
was noncontributory. His past history revealed that he had been free of illness, 
except for typhoid fever 50 3 '’ears ago, and that he had been a hea\' 3 ' drinker. 
His illness had started six months before admission with a head cold and general- 
ized aching. The aching persisted and made it necessary for him to give up his 
work. The pains were sharp, severe and stead 3 \ He said the 3 ’' were like 
"j-ed-hot knives’’ lying between his scapulae, along his spine and hi Iiis arms and 
legs. He also experienced some pain in his chest which was aggravated by 
coughing. He complained of extreme and progressii'e weakness so that he had 
been unable to take care of himself at honic. He had lost about 50 pounds in 
weight. His only other complaint was noctuiia and frequenc 3 ’’ ever 3 '^ two hours. 

Physical examination revealed an obviously anemic, frail, tired-looking, poorly 
nourished man who appeared at least 10 3 ’’ears older than his stated age. The 
following positive findings iverc present. Oral Ji 3 ’’giene was poor. The heart 
was slightly enlarged to percussion and a short, harsh apical S 3 ’^stolio murmur was 
audible. The blood pressure was 120/G5. There were fine crepitant rales in 
the lower lobe of the left lung. The abdomen was normal except for gaseous 
distension. All refle.xes ^vere sluggish. A^ibratory sense and sense of position 
were present. The outstanding ph 3 ’^sical finding was an unusual degree of tender- 
ness of all the bones, especially of the ribs and sternum. The slightest pressure 
caused exquisite and very real pain. No irregularities of the bones and no 
tumors were present. 

The urine contained 4 plus albumin, 12 to 20 wliite blood cells per high power 
field and many granular casts. No Bence-Jones protein was found at any time 
during liis hospitalization. The blood showed profound anenua with 1,520,000 
erythroc 3 des per cu. mm.; hemoglobin, 23 per cent (Sahli); color index, 0.7; and 
volume index 1.2.- The leukocyte count was 16,800 per cu. mm.; neutrophils, 
52 per cent with a marked shift to the left and l 3 nnphoc 3 ’’tes, 48 per cent. Four 
normoblasts per 100 leukocytes were seen and slight poikilocytosis and anisoc 3 ’to- 
sis were noted. The nonprotein nitrogen was 48 and the sei-ology was negative. 
X-ray films of the bones of the chest, spine and pelvis showed moderate diffuse 
demineralization without specific lesions. Gastrointestinal x-ray series showed 
atrophic gastritis, but gastric analysis showed normal acidit 3 ^ He received 
heavy doses of sedatives and many types of narcotics in a \'ain attempt to control 

* Received for pubJication, November 9. 1946. 

t Present address: Memorial Hospital, Fatehgarh, U. P., India. 
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the pain. In addition to many other supportive measures, he was given large 
doses of liver ext-ract, up to 50 unite a day intramuscularly, and iron orally. 
A transitory rise was obtained in the reticulocyte count, with a peak of 6.3 per 
cent on June 2, after which it leveled off at 3 per cent. The ei^Throcyte count 
ranged between and 2 million and the differential count showed only slight 
change, the shift to the left of the neutrophils persisting without showing a 
definite leukemic picture. There was, however, an increase in the number of 
normoblasts which ranged between 15 and 19 per 100 leukocjdes and the er\i;hro- 
cytes showed more hjijochromia, anisocjTosis and poikilocjdosis. 

The ver\' severe bone tenderness had made it impossible to do a satisfactory 
sternal puncture. Finally, on June 24, with hberal novocaine infiltration, some 
bloody fluid was obtained from the sternal marrow ca\ity. Unusual cells were 
seen, which were classified as atj'picall}’- staining, small Ij^mphocytes and the mar- 
row was considered to be within normal limits except for the preponderance of 
lymphocjdes. After autopsy, the slides were reviewed and the following differen- 
tial count was made: m 3 "eloblasts, 2; promj-elocjdes, 2; mj’-elocj’tes, 6; neutrophils, 
31; eosinophils, 2; basophils, 0; Ij'mphocjdes, 9; plasma cells, 0; monocj^tes, 2; 
rcticulo-endothelial cells, 0; megakaiyocjdes, 0; megaloblasts, 2; mj’eloma cells, 
23; unclassified cells, 21; normoblasts, 7; normocjdes, 5. 

The cells classified above as mj'eloma cells were small and had ver\’ dark, 
almost uniformlj" black nuclei resembling those of normoblasts. Some had a 
small amount of colorless, h 3 'aline c 3 ’toplasm and otheis had no discernible 
c 3 "toplasm. 

Repeated attempts to find satisfactoiy donors for traasfusion failed. The 
patient’s blood was t 3 ’^ped as group A, but it was found that his serum aggluti- 
nated the cells of each of approximate^' two dozen donors that were tested. 
On August 4, his leukoc 3 'te count abniptl 3 ' rose to 73,900 and showed the follow- 
ing differential count: neutrophils, 34; stab cells, 30; l 3 Tnphoc 3 i:es, 9; monoc 3 des, 
4; m 3 'eloc 3 ’tes, 8; prem 3 ’’eloc 3 ’tes, 13; m 3 ’’eloblasts, 2. On August 17, he started 
to vomit and shifting dulness was elicited in the abdomen. His pain was still 
primarily localized to his bones. Stead 3 ^ deterioration in his condition con- 
tinued, On August 24, he fell in attempting to get out of bed and sustained a 
fracture of the neck of the left humerus. He died the following da 3 L 

AntoTpsy Findings 

A complete autops3' Avas done thirt3'-six hours after death. The bod3’^ showed 
advanced emaciation, cachexia and slight c3’^anosis. The anatomic diagnoses 
Avere: m 3 ’'eloma, apparent^ of eiythroblastic t 3 'pe, diffuse^' inAmh'-ing bone 
mari’OAv and spleen; myeloma nodule attached to third dorsal A'ei’tebra; patho- 
logic fracture of surgical neck of left humerus; acute gangrenous appendicitis 
Avith perforation and generalized peritonitis; pulmonary congestion and edema; 
old (cerebral thi-ombosis, internal capsule; myocardial fibrosis and atrophy; 
nephrosclei-osis; and adenomatous hyperplasia of prostate. 

The positive, gross and microscopic findings Avere: 

Brain. A pink area, 1 cm. in diameter, \\^as present in the internal capsule 



224 


TAYLOR 


and, on section, showed a large number of thin-walled blood vessels filled with 
hyaline material. 

Heart. Weight 510 gm. Myocardium was dull, reddish brown and flabby; 
microscopically, it contained focal areas of scarring. 

Pleura. In the left pleural cavity projecting from the left lateral aspect of 
the third dorsal vertebra, a smooth, firm, gray neoplastic mass measuring 
2x1 cm. was found attached to the bone without apparentlj’- invading its sub- 
stance. Histologically, it was composed of cells identical with those which will 
be described in the bone marrow. Binucleate and multinucleate forms were seen 
occasionally and a few plasma cells were noted. These cells were supported by a 
loose connective tissue framework, and in one comer of the nodule a discrete 
ganglion was imbedded. 

Lungs. The upper lobes were* normal, while the lower lobes showed marked 
congestion. Microscopically, the lower lobes showed, in addition to the extreme 
congestion, alveoli filled with seram, pigment-containing leukocytes and a few 
lymphocytes and neutrophils. 

Liver. Weight 967 gm. The capsule was thickened and, histologically, the 
cells immediately beneath the capsule had undergone fragmentation and 
nucleolysis. The parench 3 Tna was otherwise normal except for slight fibrosis. 

Spleen. Weight 247 gm. Moderate autolysis was noted. The follicles were 
small and the red pulp was depleted of erythrocytes. Large numbers of cells 
similar to those in the bone marrow were scattered throughout. 

Kidneys. The combined weight was 390 gm. Grossly, the cortical surfaces 
were finally granular. Microscopically, there was generalized fibrosis, several 
glomeruli showed hyalinization, and the arteries and arterioles showed moderate 
sclerosis. 

Prostate. A small nodule in .the upper portion of the right lobe showed 
hyperplastic changes but no e\ddence of neoplasia. 

Gastrointestinal tract. The peritoneal ca\dty contained 250 cc. of thick, 
grayish white, malodorous pus. The stomach and intestines were greatly 
distended by gas and liquid material. The appendix was long, retrocecal and 
showed gangrenous necrosis in its terminal 2 cm. A definite area of perforation, 
exuding thick yeUow pus, was found near the tip. Microscopically, there was 
extensive necrosis and acute inflammatory reaction of the peritonemn and of the 
appendix, especially in the immediate neighborhood of the perforation. 

Skeletal system. All the bones were very fragile, the ribs being easily cracked 
\vith the fingers. There was obvious thinning of the cortices and correspondingly 
marked hyperplasia of the bone marrow. A transverse fracture of the surgical 
neck of the left hiunerus surrounded by a large hematoma was found and in this 
area the bone marrow was particularly hyperplastic. Microscopically, the bone 
marrow showed moderate autolysis. Most of the marrow was composed of an 
acidophilic hyaline substance in which were imbedded large numbers of cells of 
several types. No specific arrangement or pattern of these cell types was noted. 
The predominating variety was a small cell with a compact, round, intensely 
basophilic or almost black nucleus mth little or no cytoplasm. The small 
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Fig. 1. Bone marro'vr shovnng sheet of homogenous eosinophilic matrix mth 
nuclei of erythroblastic series. Occasional plasma cells and mitotic figures may be 
noted. X 650. _ , , - 

Fig. 2. From pleural nodule, shon'ing eiythroid cells including veiy immature 
ones (arrow). Also note multinucleated forms and occasional plasma cells. X 650. 
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amount of cytoplasm seen in these cells was homogenous and pink. Somewhat 
less common were cells having very similar nuclei, but with a relatively large 
amount of clear pink cytoplasm, which sometimes had a purplish tinge. A 
tliird type of cell which Avas observed only occasionally had an oval, or round 
nucleus, with medium coarse, basophilic blocking at the periphery, one or two 
nucleoli and a variable amount of basophilic cytoplasm. Special differential 
stains for hemoglobin failed to reveal its presence in any of these cell types. 
Occasional mitotic figures were seen. Scattered through these areas there ^vero 
also a few reticulo-endothelial cells and erthrocytes. Although most of the bone 
marroAV had the above liistologic picture, there Avere also large open spaces in 
Avhich AA'ere packed numerous erythrocytes and neutrophils together Avith the 
other cellular components of bone marroAV. In these vascular areas, there could 
be found only scattered representath'es of the above myeloma cells. It is 
thought probable that the sternal marroAv had been aspimted from such a 
vascular area. True plasma cells AA'ere seen only rarely AAith the hematoxylin and 
eosin stain. In tissue treated by Giemsa stain, they seemed to be more common 
and cells, Avhich Avould have been called erythroblastic myeloma cells Avith the 
hematoxylin and eosin stain, Avere seen to have a very faint cartwheel pattern. 

DISCUSSION 

The first report of an erythroblastic myeloma Avas published by Ribbert® in 
1904. A fairly complete reAueAV of 643 multiple myelomas of all types Avas 
published in 1937 by Atkinson.' He classified the cases he had revieAved as 
folloAA's: not classified, 332; plasmacytoma, 207; lymphocytoma, 16; m3^elo- 
blastoma, 27 (3 others doubtful); myelocytoma, 24; erythroblastoma, 5 (1 other 
doubtful); and mixed, 28. 

Since then the total number ‘of cases of multiple myeloma has been brought 
up to almost 1,000.- Two additional erases of erytlnoblastic mj'eloma AA'ere 
repoi'ted b}”" von Keiser^ and by NoothoA’en Ann Goor.'* "S^on Keiser also men- 
tioned the case of - Schridde as being one of erjdhro-myeloblastoma and con- 
sidered tAvo cases reported by Harbitz and one by Schur and LoeAvy as possibl}" 
those of erythroblastoma. 

A very unusual case diagnosed as hemoblastic sarcoma and said to be the first 
of its type was reported by Perla and Biller.® They found an actively uiAnsiAn 
and metastasizing tumor composed of islands of hemocjdoblastic and erythro- 
blastic cells in Avell organized hemopoietic nodules. Seventeen years previous!}', 
this patient had been successfully treated for pol3'cythemia A'cra Avith x-i’a3'.s 
and benzene. 

The slides of the present case Averc studies at the National Institute of Ileall.h, 
Bethesda, Mar 3 dand, AA'here it Avas belieA^ed that this Avas probabl}'^ a case ol 
erythroblastic myeloma. The histologic appearance of the myeloma cells is 
typical of the er 3 d;hroid series. The fact that no hemoglobin AA'as found in tliest; 
cells can probably be attributed to their immature state. In vicAv of the fact 
that plasma cells appeared to be more numerous in Giemsa-stained sections, 
it is possible that tliis is a case in Avliich the plasma cells, origuiating from the 
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stem hemocytoblasts, have become differentiated toward the er\i:hroid series. 
This phenomenon lias been shoTO to occur in several cases -vnth differentiation 
toward the myeloid series^ and in one case toward a megakaryoc3Tic mj'eloma.^ 
This case should therefore be classified as an er3’-throid multiple m^^eloma. 


SUiLMARY 

A case is presented of multiple m\'eloma without Bence-Jones protein, in 
which the mj'eloma cells were histologicalh' of the erj'throid series. 
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EDITORIAL 

The Tuberculin Reaction 

The local tuberculin reaction as a specific diagnostic aid became of practical 
importance early in this century with the appearance of the Pirquet scarification 
test, the Moro percutaneous method, the Mendel-Mantoux intracutaneous 
test and the Calmette ophthalmo reaction. These tests were followed many 
years later by the Craig multiple puncture technic. On the basis of the reactions 
obtained mth the Pirquet test particularly, and the use of full strength old 
tuberculin (0. T.) for this purpose, many erroneous conclusions were draw, 
including the deduction that all adults had been infected with tuberculosis in 
childhood. This latter conclusion was the obvious result of the use of high 
nonspecific concentrations of old tuberculin which was brought in contact with 
the deeper tissues by scarification. Although yielding positive results in certain 
instances, the Moro inunction test failed in most cases because the tuberculin was 
fundamentally water-soluble and not oil-soluble. The ophthalmo test proved 
dangerous, and the only test to survive was the Mendel-Mantoux intracutaneous 
method which, of necessity, used graded dilutions of tuberculin. Purculow 
et al. (Pub. Health Reports, 66: 1082-1100, 1941) and Dash ei al. (Am. Rev. 
Tuberc., 64: 159-165, 1946) have pointed out that insistence on the use of 
relatively high nonspecific concentrations of tuberculin in this latter test to 
match high percentages of reactions obtained among noninfected persons in 
various surveys constitutes a useless abuse of a valuable method. There were, 
however, several drawbacks to the Mendel-Mantoux injection method, viz., 
it required aseptic implements, it was accompanied by a certain mental anguish 
precluding repeated tests, and its use had to be guarded in the tuberculous. 
The crying demand for a simpler, less objectionable procedure led to the intro- 
duction of a number of substitute dermal methods. Among these methods 
was the scientifically objectionable and rather unsatisfactory patch test (Am. J. 
Dis. Child., 64: 1019-1024, 1937), employing adhesive tape as a means of ap- 
plication, which was devised owing to lack of ingenuity and because a suitable 
tuberculin for transdermal application was not available. 

In 1943, the process by which tubercle bacilli produced tuberculin was dis- 
covered, and autolytic tuberculin, a pure and bacteiiologicaUy clean tuberculin, 
was described (Am. Rev. Tuberc., 48: 443-452, 1943). T hi s substance was 
hydroscopic when dry (Tuberculology, 8: 72-77, 1946) and could be appro- 
priately suspended in the form of a fine powder in a quickly evaporating non- 
watery solvent of suitable composition. Thus, it acted when apphed to the 
skin as a nonirritating adhesive. Furthermore, the dry tuberculin could be 
properly kept in suspension and free from water until it had been applied to the 
skin, when it became rapidly available in soluble form for the specific reaction 
to occur if the tuberculo-allergic condition was present. In comparative tests 
the results of the transcutaneous tuberculin test with autolytic tuberculin equal 
those obtained by the Mendel-Mantoux method with specific amounts of pure 
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tuberculin used intracutaneously. The transcutaneous method, however, can 
be used on the tuberculous as well as nontuberculous person without the danger 
of producing severe detrimental local or focal reactions of serious import such 
as are inherent in the intracut aneous method. Basically, the transdermal 
autoh*tic tuberculin test can be applied repeatedly and as easily as finger nail 
polish, and this tuberculin does not elicit nonspecific reactions in normal in- 
dividuals and, therefore, does not require a control application. This simple 
and valuable diagnostic aid should broaden the scope of diagnosis of tuber- 
culofds, and its use by the physician in anj- field where tuberculosis is a problem 
is potentially unlimited. 

In an editorial in 1946, Hilleboe of the U. S. Public Health Service (Pub. 
Health Reports, 61: 1561-1563, 1946) stated, “Because it is basic in the control 
of tuberculosis, the importance of the tuberculin test should have first con- 
sideration. It must be clearly understood at the outset that mass radiograph}’’ 
has not displaced the tuberculin test.” 


H. J. CORPER 
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Autopsy Diagnosis and Technic. Kd. 2. B3' Otto SAPinn, M.D., pathologist, Michael 

Ileese Hospital; professor of Pathology, University of Illinois Medical School, Chicago. 

405 pp., 69 illus., 18 tables. $5.00. New York: Paul B. Hoeber Company, 1946. 

In the second edition of this excellent and concise manual, the chapter on the breast 
has been expanded, and other chapters have been added describing the findings in vitamin 
deficiencies and in certain tropical diseases. 

This book both describes the technic of the performance of the autopsj’' and furnishes 
an excellent description of the gross pathologic lesions likely to be encountered. A dif- 
ferential diagnosis is furnished for many of the eonditions. Also of special value is a chap- 
ter on securing of the autopsy permit and the medico-legal aspects of the autopsy. Special 
procedures to be followed in the performance of autopsies on the stillborn and on the new- 
born are described. Clear illustrations accompanj’- the text. 

The procedures which have been described are, in general, those which are usually' used 
in most institutions. It is to be remembered, however, that the exact technic in anj' given 
instance will depend upon individual circumstances. Only one method of removal of 
organs has been described, but there are other methods that may be preferred bj' the pro- 
sector. Likewise, in the opening of the heart, methods other than that outlined have been 
found equallj' satisfactory. In instances of probable recent occlusion of a coronary artery, 
it is preferable to cut the arterj' by multiple cross-sections rather than to open it along 
its length with a scissors. 

This book should prove of continued value, not onlj-^ to those who arc beginners in the 
performance of autopsies, but also to more experienced pathologists. 

Si. Mary's Hospital Walter A. Strtker 

Detroit 

Diseases of the Retina. By Her.man Elwin, M.D., Senior Assistant Surgeon, New York 

Eye and Ear Infirmary. 593 pp., 170 illus., 19 in color. $10.00. Philadelphia: The 

Blakiston Company, 1946. 

This book is a compend of current writings in the fields of pathology and therapeutics. 
No claim is made for originalitj'. The selection of material, its order, and emphasis are 
the authors. The arrangement is in 8 parts, under the following headings: 

1. Diseases of Retina Resulting from Disturbances in Circulation 

2. Diseases of Retina Resulting from Vascular hlalformations 

3. Degenerative Diseases of Retina on a Hereditary Basis 

4. Inflammatory Diseases of Retina 

5. Tumors of Retina 

6. Diseases of Retina Leading to Retinal Detachment 

7. Developmental Anomalies of Retina 

8. Radiation Injuries of Retina 

The definite meanings applied in pathology to such terms as degeneration, inflammation, 
circulatory disturbances, and malformations are not strictlj' adhered to in the book. As 
is often the case, the emphasis placed upon some disease processes is disproportionate. 
A number of the commoner retinal lesions such as retinal pathology of glaucoma, traumatic 
lesions, foreign bodies, and retinic atrophy, suffer from neglect. A section on hyaline 
bodies of the lamina vitrea relates to the choroid and not the retina. 

Obviously, the book was written for the busy clinician and may well serve as a clinical 
reference. While the book has many merits, one criticizes it only because it could have 
been done even better. 

The table of contents and the index are helpful. 

David Whitney Building Parker Heath 

Detroit 
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OBITUARIES 

Richard Williams Gragg 

Richard Williams Gragg of Vallejo, Galifomia, died February 18, 1946, of 
coronary occlusion, while serving as chief pathologist at the Naval Hospital at 
h'lare Island, Galifomia. Dr. Gragg, who was bom in Gincinnati in 1905, 
received his medical degree from the Universitj* of Gincinnati Gollege of Medicine 
in 1931. In October 1932, he joined the Mayo Foundation, Rochester, Minne- 
sota, as a fellow in pathology. He was later appointed first assistant in patho- 
logic anatomy and surgical patholog}’-, consulting physician in pathologic anat- 
omy at the hlayo Glinic, instructor in patholog}’- at the foundation and assistant 
professor of pathology. He began active duty as a first lieutenant in the medical 
corps of the U. S. Naval Reserve on Juty 1, 1942 and was promoted to lieutenant 
commander before his death. Dr. Gragg became a member of the American 
Society of Glinical Pathologists in 1937. 

Friedrich Alexander Hecker 

Friedrich Alexander Hecker, of Ottumwa, Iowa, died on June 3, 1945. He 
received his medical degree from Kansas School of Medicine, Kansas Gity, 
in 1913. He was a specialist certified by the American Board of Internal 
Medicine and serv'ed as pathologist at St. Joseph Hospital. He was a member 
of the Society of American Bacteriologists, a fellow of the American Gollege of 
PIn'sicians and, since 1925, a member of the American Society of Glinical 
Pathologists. 
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TECHNICAL SECTION 


DETERMIXATiOK OF Ri^AXTIBODIE^^ AND BLOOD 

THE CAPILLARY METHOD'"^ 


GROUPING BY 


lUCRAnD n. BERLIN, Li., MC, USN 

h njtn ihr Mfdjrtif .SV/;<w/, .\al:i:ir,nl \aral Mcdicol CenU.r, Hclhci^da, Maryland 


At ilu; prcsrnr tune, relafh-ely few laboratone.s perform tests for Rh anti- 
iKKiies. As jiraetidng pliysieians berome inercasingly aware of tlie real and 
potential cftmplicaiions of Rh incompatabilily, there will be a greater demand 
for such tests. It has recently been estimated that 90 per cent of hemolytic 
transfusion reactions which are not due to (MTors in .\-B-0 grouping arc caused 
by Rh iiu'ompatabiiities.' A new group of })otent ial victims of this condition also 
has been created iiy the recent war. The emergency administration of group 0 
biowl to battlefield casualties at a time when it was not expedient to perform 
preliminary Rh testing made it inevitable that many Rh-negative recipients 
should receive Rli-positive blood and thereby become sensitized. Examination 
of the serum of 1 10 Rli-negative individuals who received group 0 blood during 
combat re\-caled the presence of Rh antihodies in -10 per cent.- Thc.=e persons 
have not been iiarmed so long as they reweive no additional transfusions with 
Rh-])osilive blood. The study of Rii-ncgativo women bearing Rh-positivc 
fetuses has also verified the value of anti-Rh determinations. In .some cases, 
pre-term rlelivery liy cesarian section has aided in preserving the life of the 
infant. 

Tv:o mefiiods of Rh antiliody determination are commonly lascd at the 
present time, d'iiey are tlie slide test of Diamond and Abcison* and the tube 
or conglutination te.st of Wiener.’ These method.s are of unquestioned value, 
but our experience has Ijcen tliat they require tlie .services of a technician who 
has had eonsideraliie experience in performing and reading tlic tests. Equivocal 
results are sometimes oiifained e.vcn when extreme care is e.xerci.sed in canwing 
out the procedure. Personal communication.s with direct oj-s of other labora- 
tories in which the same tests are used indicate that they also have had diffi- 
culty in interpreting results. Tlie open-slide test is especially subject to non- 
specific agglutination and rouleaux formation.’ 

The method for Rh antibody- determination licrein described is an adaptation 
of the capillary test described by Cliown in 1944' for Rh testing. In his survey- 
of pre-sent, methods of Rh antibody determination, Diamond refers briefly to 
tlie capillary method, but dismisses it as being too difficult to read.’ Our 


* Received for publication, September 23, 1946. The opinions expressed are those of 
the author and are not to he construed as necessarily reflecting the view.s of the Navy 
Department. 


233 


234 


TECHNICS 


experience suggests that its greatest advantage ovei- other methods is the 
clarity of the readings and ease Avith which an uninitiated observer may learn 
to differentiate a positive from a negative result. It is rapid and economical 
and requires a minimum of equipment. No rotator or centrifuge is used and 
there is no glassware to clean. Results may be checked with a microscope, or 
recorded photographically, and the appearance of rouleaux is rarelj^ encountered. 

In the past, it has been difficult to demonstrate Rh antibodies in some women 
with strong clinical cAddence of Rh sensitization. This has been ascribed to 
the presence in their serum of unusual antibodies, Avhich haA^e been variously 
termed “inhibiting,” “incomplete,” “blocking,”’ or “uniA-alent”’® antibodies. 
The.y differ from the usual agglutinins in that no agglutination is obtained in 
vitro in the presence of saline or other crystallofd solution. In former tests, 



Fig. 1. Materials required for Rli testing. From left to right are: (a) test tube 
containing Rh typing serum, (b) unknown cell suspension, (c) petrolatum, _(d) 
capillary tubes, (e) hand-lens. For A-B-0- grouping, merely substitute A anti-B 
and Banti-A grouping serums for the Rh typing serum. For Rh antibody tests, 
place the unknown serum in the first test tube and Rh-positii^e group 0 test cells in 
the second tube. 

the use of saline as a diluent for the unknoAA-n serum and as a medium for 
suspending the test cells has prevented agglutination m vitro and has led to 
confusion. The substitution of inactiA-ated AB serum, human serum albumin, 
compatible inactivated serum, or plasma for the saline permits detection of 
agglutination in the presence of blocking antibodies. This is the basis for 
the test Avhich Wiener has designated the “conglutination test.” The capil- 
laiy method Avhich folloAvs offers the same advantages as the conglutination 
test, since it emplojrs no saline. 


MATERI.^LS 

1. Capillary tubes, inner diameter about 0.5 mm., and length from 10 to 15 
cm. These may be procured from laboratory supply houses. 
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2. Rh serum, for ehecldng the test cell suspension. 

3. A-B grouping serum or grouping globulin, for checking the test cell sus- 
pension. 

4. Normal serum albumin (human), prepared for intravenous use,® preferably 
without presen-ative, since Rh antibodies are destroyed bj’’ merthiolate.® This 
is used as a diluent for unknovm serum when titer is made. 

5. Normal group A-B serum, inactivated at 56 C. for thirty minutes. 

6. Petrolatum, kept in a bottle cap for ease in handling. 

7. Plastic rack, measuring 40 b\' 5 by 5 cm., vith about 30 notches, placed 
so that tubes are held at an angle of 45 degrees. These may soon be available 
from laboratoo’ supplj’ houses. 

8. Hand magnifjmg lens. 



Fig. 2. Plastic Rack with Capillart Tubes ix Place 


METHOD 

1. Prepare test cell suspension. This may consist of a 10 per cent to 20 
per cent suspension of erjdhrocytes from one indiiddual or a pool of er^dihroeytes 
from several Rh-positive group O individuals. It is preferable to pool the cells 
of three to six persons as this gives reasonable assurance that all subgroups of 
Rh (Rh°, Rh', and Rh") inll be represented. The suspension is made by 
first allowing the blood to clot and contract in a test tube and then pouring off 
most of the supernatant serum. Then next, the tube is shaken so that enough 
cells are freed from the clot to give the proper suspension in the remaining 
serum. No further preparation is necessarj'. Clots from blood specimens sub- 
mitted to the laboratorj' for blood chemistrj' or routine serologj' may be used. 

2. Separate serum from the blood of the patient to be tested and inactivate 
it at 57 C. for thirU' minutes. 

3. Touch the surface of the unknown serum with a capillarj^ tube and allow 
the fluid to' rise about 2 cm. Remove the capillarj^ and wipe the outside with 
gauze. 
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4. Dip the capillar 3 ^ into the test cell suspension and allow an equal, or 
slightlj" greater, volume of fluid to rise in the tube. It is usualh^ necessar^^ to 
tilt the tube toward the horizontal at this point in order for the cell suspension 
to enter the capillar}'. 

5. Wipe the tube again and tilt it back and forth until the cell suspension 
and unknown senim have mixed. Three or four times usuall}' will suffice. 

G. Dip the capillaiy into the petrolatum so that the lower end becomes 
sealed; place it on the rack and incubate for thirt}' minutes at 37 C. 



Fig. 3. Results of Tests 

Agglutination is visible in tubes 19, 20 and 22. Tube 21 contains a fine line of sedi- 
mented cells and is negative. 


7. Readings are made against a bright light and a white background. Posi- 
tives are indicated by coarse agglutination and negatives bj' a smooth line of 
sedimented cells extending the entire length of the column of fluid in the tube. 
A hand lens is helpful, but not essential, for accurate readings. 

.8. Serums which give agglutination on the direct test may be titered by making 
serial dilutions with A-B serum or serum albumin. 

DISCUSSION 

This method utilizes the gravitational force to pro\'ide ^-eiy gentle agitation 
of the eiythrocj’-tes as they settle in the capillaiy tube. Since the tube rests at 
a 45 degree angle, the cells tend to “snowball" and to adhere to the walls e%-en 
when agglutination is weak. In other methods it is difficult to provide sufficient 
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agitation to allow the cells to clump v.ithout disrupting the agglutination which 
is very fragile. 

Thirty-four serums suspected of containing Rh antibodies have been e.xamined 
by the slide test, the conglutination test and the capillary test with results which 
are shown in Table 1. In all instances, negative controls were employed, con- 
sisting of (a) a test cell suspension of Rh-negati\'e group 0 cells plus unknown 
serum and (b) known negative serum (containing no Rh antibodies) plus the 
pooled Rh-positive group 0 cells. 


T.\BLE 1 

COMP.ARISON- OF RESULTS OF ThKEE METHODS OF Rh .^XTIBODY DETERMr.N-.Ji.TrO-N' WITH 
34 Specimens from 24 Patients Su.spect£d of Rh Sensitization 


Slide lest 

Conglutination test 
Capillan* test 


I L-;rK:;ov,-j,- sEKUit plus pooled Rh-PosiTire cells 


1 Positive 

f Doubtful 

i 

! Negative 

1 

1 0 1 

1 

1 9 

1 2.5 

i 2 ! 

7 

1 27 

1 0 1 

1 ' 


TABLE 2 

Protocol fop. Rh -Antibody Testing 


1. Pooled test cells plus -A anti-B serum. 

2. Pooled test cells plus B anti-.A serum. 

3. Pooled test cells plus anti-Rh typing serum. 

4. Pooled test cells plus .A-B serum (negative control). 

5. Pooled test cells plus positive control. 

6. Rh-ncgative group 0 cells plus unknown serum. 

7. Rh-negative group 0 cells plus anti-Rh typing serum. 

S. Pooled test cells plus unknown serum. 

9. Pooled test cells plus unknown serum, diluted 1 :2. 

10. Pooled test cells plus unknown serum, diluted 1 ;4. 

11. Pooled test cells plus unknown serum, diluted 1 :S. 

12. Pooled test cells plus unknown serum, diluted 1:16. 

13. Pooled test cells plus unknown serum, diluted 1:32, etc. 


The results shown' in Table 1 were confirmed by 133 additional capiilarj' tests 
performed on the 27 positive .serums and by 50 tests with normal serums chosen 
at random as negati\'e controls. 

Wiener stated that the conglutination test may have greater sensitiviU' for 
A-B-0 grouping than the usual method using an isotonic saline cell suspen.sion.® 
Since the capillary method is in reality a modification of the conglutination test, 
it has been tried for determination of A-B-0 grouping. It was found that stand- 
ard A anti-B and B anti-A grouping serums diluted 1:5 with serum albumin or 
human A-B serum pi’oduced excellent results. The mechanics of the test are 
identical with the technic described above for Rh antibody determination except 
that A-B grouping globulin or senim is mixed with a suspension of unknown 
cells. The cell .suspen.sion is prepared from a clot in the same manner as the 
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Rh-positive test cell suspension for Rh antibody determination. An extensive 
series of A-B-0 groupings has not yet been completed but several hundred pre- 
liminary trials have proved satisfactory and further investigation is warranted. 

Rh typing as described by Chown can be done with great facilit 3 ^ The only 
difficulty which may be encountered is in testing of Rh subgroups, where the 
typing serum for Rh' and Rli" may hai'e been prepared by adding Rh° blocking 
serum to the Rh' or Rh" semm. The omission of saline in, this test will allow 
false agglutination because of the Rh" present and will not be a true test for Rh' 
or Rh". This is avoided when subgroup typing serum containing only anti-Rh' 
or anti-Rh" is employed. Of the last 272 specimens of blood tested in this 
laboratory, 236 (86.7 per cent) were Rh-positive. 

Since Rh testing, A-B-0 grouping, and Rh antibod}’’ determination may all be 
done with the same method, it has proved e.xpedient to use the protocol shomi 
in Table 2 in determining RJj antibodies. All of the pre-testing and controls may 
be setup on the same rack. 


SUMMARY 

A modification of the capillary technic of Chonm is presented which provides 
an efficient method of determining Rh sensitization, Rh t}’’pe, A-B-0 groups 
and other factors such as M, N and P. It requires simple equipment and gives 
fewer equivocal results than either the slide test for Rh antibodies or the con- 
glutination test. Test cells for Rh antibody testing are suspended in their own 
serum and give more consistent results when pooled. Further study may indi- 
cate that this method is more sensitive than previous ones. The possibility of 
interference of atypical hemagglutinins in routine A-B-0 grouping as it is now 
done, using saline solution, should be investigated. The capillary test is ideally 
suited for doing a large series of conglutination tests. 

Acknowledgment. The author wishes to express his gratitude for the e.xcellent technical 
assistance provided by Harold R. Langbehn, Chief Pharmacist’s Mate, U. S. Nav 3 '. 
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SIMPLIFIED DETERMESTATIOisr OF BLOOD VOLUME* 

G. A. jS'ITSHE, Je., M.D.,t axd P. P. COHEN, •M.D. 

From the Departments of Medicine and Physiological Chemistry, University of Wisconsin,’ 

Madison, Wisconsin 

methods of blood volume determination have been described in the 
literature. -- The purpose of this paper is to present results using 

a method similar to that reported bj’ Gregersen° which has been found to be 
accurate, relativeh^ simple, and which ma\' be carried out with available clinical 
laborator^^ equipment. The range of clinicalb" normal values for blood and 
plasma is quite broad and, from the data presented, it will be noted 

that the results obtained consistent^' fall within this range. 

The procedure consists of the injection of a known amount of the dye, T-1824 
(Evans Blue) and the calculation of blood volume from the dilution. 

EQUIPilEXT 

Three 10 ml. sj'ringes (one standardized, see “Methods”) 

Two 18-gauge needles for venipuncture 

Two 4 ml, 100 mm. by 8 mm. hematocrit tubes 

One ampule heparin, 10 mg./ml. 

Sterile solution of T-1824 (Evans Blue) 

Coleman Junior Spectrophotometer model G with 10 by 75 mm. cuvettes 

METHODS 

Preparation of Soluiion of Dye 

The solution of the d 3 ^e T-1824 is prepared by dissolving 2 gm. in 500 ml. dis- 
tilled water. It is pased through a 3-G-3 Jena sintered glass filter and di\'ided 
between a suitable number of brown bottles and autoclaved. Folio \Ung this, 
rubber diaphragm stoppei-s are inserted and the bottles stored in the dark. Such 
solutions remain stable and sterile indefinite^' when used with reasonable care. 

Determination of K Value 

To find the K value, it is necessar}" to make dilutions of the d\’e and determine 
their densities with the spectrophotometer at a wave-length of 620 millimicrons, 
using 10 bj' 75 mm. cuvettes. This is done as follows: 

1. One ml. of d\’e solution is delivered into a 50 ml. volumetric flask and made 
up to volume vith distilled water. 

2. One-half ml. of dye solution is delivered into a 50 ml. volumetric flask and 
made up to volume with distilled water. 

* This st-ud 3 ' was supported in part b\' a grant from the Wisconsin .llumni Research 
Foundation. Received for publication, December 7, 1916. 

f Present address: Department of Medicine, The Hahnemann iledical College and 
Hospital, Philadelphia. 


239 



240 


TECHNICS 


3. From each of these flasks, 0.2 ml. is delivered into separate cuvettes and 
1 .8 ml. of plasma or serum added. This gives concentrations of 0.008 and 0.004 
mg. per ml., repectively. 

_ 4. The optical densities of the dj-e-containing samples are determined with 
the spectrophotometer, using a control made up of 0.2 ml. of 0.9 per cent saline 
and 1.8 ml. serum or plasma. 

5. The formula K = where D is density and C the concentration, is used 
in the computation of the K value. 

A good quality 10 ml. syringe should be calibrated, either by the weight of a 
deli\'ered volume of distilled water, or bj-- filling with standard acid and titrating 
a delivered volume with a standai'd base. It is necessary to make a mai-k on the 
plunger and on the barrel bejmnd the 10 ml. mai-k, so that when the}’- are opposed, 
the end of the plunger will be at the 10 ml. level, since the color of the dj’^e solution 
is so intense that it obscures the tip of the plunger. 

Preparation of the patient consists of withholding fluid and restricting activit}’ 
for eight hours prior to the test. 

After the necessary equipment has been sterilized and thoroughly dried, two 
hematocrit tubes are placed in a rack. One drop (0.06 cc.) of heparin is placed 
in each tube. Care must be taken that the tubes are chemically clean and that 
the heparin is not deposited along the rim of the mouth. If the tubes are not 
absolutely clean, some hemol 3 ’^sis may result. If heparin is deposited at the 
mouth, it ma}'- be covered by the cork stopper that is to be used. The amount of 
dye to be injected should be appro.ximately 0.3 mg./kg. of body weight. The 
calibrated syringe is filled with the correct quantity of dye. AVith the patient 
in a reclining position, 5 ml. of blood is removed from a cubital vein with a dry 
syringe. It is important that there be no stasis of venous blood. Consequent!}’-, 
the tourniquet must be removed at least one minute before the blood is drawn into 
the .syringe. The measured amount of dye is then injected slowly through the 
same needle, the syringe being filled and emptied at leave five tim.es with the 
patient’s blood in order to wash ovit all traces of dye. A notation of the time 
must be made at the beginning of the injection of the dye. AVhile the dye is 
being injected, an assistant should take the freshly drawn blood and fill the first 
hematocrit tube to the 10 cm. mark. This should be done quickly, but with 
caution, in order that there be no frothing which may cause hemolysis. The 
cork stopper should be inserted and the tube gently inverted several times until 
good mixing with the heparin is effected. 

Approximately nine minutes after beginning the injection of the dye, a clean 
needle on a clean dry syringe is inserted into a cubital vein. The tourniquet is 
removed and time allowed for venous stasis to correct itself, and when exactly 
ten minutes ha'V’-e elapsed from the time of injection of dye, 5 ml. of blood is again 
withdrawn. The needle and syringe are removed and the blood cautiously 
placed in the second hematocrit tube which is inverted and stoppered in the 
same manner as before. It vdll be noted that some blood will collect at the junc- 
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tion of the stoppers and the tubes. This should be carefully removed with a 
cotton-tipped applicator, the corks likewi.se wiped off and then replaced. Both 
tubes should then be centrifuged for thirty minutes at 3000 R.P.M, 

The hematocrit is then read in the conventional manner. The supernatant 
plasma is removed by means of capillary pipets, placed into 10 by 75 nun. cuvettes 
and centrifuged to remove any suspended cells. The first cuvette which con- 
tains the sample without dj-e is placed in the spectrophotometer with the wave 
length set at 620 millimicrons. The machine is adjusted to 0 density with 
this sample. The second sample, which contains dye is then inserted and the 
density read and recorded. Tlie plasma volume (PV) may now be calculated 

vith the use of the formula PV = where iM is number of mg. of dye injected, 

K is the constant a.s previously described, and D is the density reading of the 
spectrophotometer. 

Total blood volume (TBV) is calculated from the formula TBV = ^^0, 


where PV is the plasma volume from the previous calculation and P is the cor- 
rected volume of plasma per 100 ml. The corrected volume of plasma is derived 
from the formula. 


P = 100 - 


volume of cells 
volume of plasma and cells 


X 100 


HESULTS 

The accompanying table shows the results of 30 determinations on male 
patients, the detez-mination on each of five patients having been 2 'epeated the 
following daj'. It will be noted that the values fall within the range of nonnals 
as compiled b}' Noble and Gregerson." In every instance, the method was 
checked against that of Gibson and Evans- in which serum is used instead of 
plasma. For reasons as yet unknown, the plasma values have averaged 5 per 
cent higher than those of the serum. This is apparently not due to the use of 
liquid heparin as an anticoagulant. Samples of blood from the ten normal adult 
males were divided so that one portion was allowed to clot in a paraffin-lined 
tube, and the other portion was placed in the usual hematocrit tube with 0.06 
ml. heparin. Eciual quantities of d 3 'e were then added to the samples of plasma 
and seinm and mixed. The samples of plasma and serum showed no difference in 
optical density. 

Wffiile extrapolation to zero time bj' emplo^dng a series of successive samples 
would in all probability give more accurate values, it was found that in order to 
obtain a reliable straight line too manj' .samples were required to make the 
method practical. Consequent^ a single ten minute sample was used. The 
validity of using a single sample has been reported by Gregersen,^ Noble and 
Gregersen,^ Miller.^® Hopper, Tabor and Winkler,'^ Hopper, Winkler and Elk- 



242 


TECHNICS 


inton,^ Gilder, Muller and Phillips^ have showm that there is complete mixing of 
the dye with the circulating plasma in this period of time. The fact that the 


TABLE 1 


Comparison of Plasma and Total Blood Volumes Using Serum and Plasma Samples 


CASE NUMBER 

PtASlU VOLtJiTE CALCtTL^TED PROM 

_ • 

Hematocrit 

Sur- 

face 

area 

sq.M. 

Plas- 

ma 

sam- 

ple 

ml. 

Scr- 

um 

sam- 

ple 

ml. 

Plas- 

ma 

sam- 

ule 

ml. per 
Kg. 

Ser- 

um 

sam- 

ple 

ml. per 
Kg. 

Plas- 

ma 

sam- 

ple 

ml. per 
sq.M. 

Ser- 

um 

sam- 

ple 

ml. per 
sq. M. 

1 

42.7 



2431 

41.3 

37.9 

1502 

1324 

2 

45.7 

1.64 

1915 

1860 

34.5 

33.5 

1167 

1134 

3 


1.64 


1816 

32.6 

29.6 

1223 


4 

44.1 

1.67 

2568 

2537 

43.5 

43.0 

1538 

1519 

5 

43.1 

1.95 

3110 


40.2 

39.2 

1595 

1553 

6 

m 


2469 

2431 

32.3 

31.8 


1279 

7 

m 

1.74 

2168 

2111 

33.6 

32.7 

1246 

1213 

8 

47.2 



2469 

43.6 

41.1 

1538 

1452 

9 

45.8 

1.83 

2587 

2469 

39.8 

37.9 

1413 


10 

52.8 

1.84 



31.9 


1238 

1194 

11 

47.8 



1'!! 


34.9 

1555 

1469 

12 

49.2 

1.84 



41.4 

36.7 

1555 

1377 

13 

52.2 

1.85 

3124 


45.2 

42.9 

1687 


14 

ii 

1.88 

2926 

«ji 

43.7 


1556 

1437 

15 

m 

1.63 

2481 

« R! 

41.3 

40.0 

1522 

1472 

16 

55.2 

1.85 


lit’: 

42.7 

39.8 

1658 

1547 

17 

47.1 

1.75 


&\i 





18 

48.2 

1.85 

i ^ 

ili’: 

36.9 

35.9 

1504 

1422 

19 

45.8 



» : 5 

44.6 

43.1 

1720 

1662 

20 

45.6 

1.94 


i j! 

47.4 

47.0 

1808 

1793 

21-A 

46.3 

1.75 




47.7 

1859 

1775 

21-B 

45.5 

1.75 


1 ^ 

50.6 

47.4 

1881 

1762 

22-A 

49.7 

1.72 


lit 


45.2 

1777 

1672 

22-B 

49.9 

1.72 

2951 

2887 

46.4 

45.4 

1716 

1678 

23-A 

43.4 

1.65 


V! 1 

Rim 

48.1 

1897 

1787 

23-B 

43.5 

1.65 

BBil 

k[ 1 

Qjg 

49.8 

1879 

1852 

24-A 

41.5 

liS 

3522 

3324 


47.5 

1874 

1849 

24-B 

42.1 



mi 

48.4 


3168 

2990 

25-A 

47.8 

1.82 


n 

EKXI] 

46.3 

1715 

wmi 

25-B 

42.8 

1.82 


3124 

51.3 


1833 

1716 

Average . . 

43.3 


2930 

2754 

42.6 

41.0 

1651 

1555 


BtOOD VOttIME CAEOJLATED PROS! 


Plas- 

ma 

sam- 

ple 

ml. 

Ser- 

um 

sam- 

ple 

ml. 

Plas- 

ma 

sam- 

ple 

ml. per 
Kg. 

Ser- 

um 

sam- 

pie 

ml. per 
Kg. 

Plas- 

ma 

sam- 

ple 

ml. per 
sq.M. 

Ser- 

um 

sam- 

ple 

ml. per 
sq.M. 

4614 

4242 

72.1 

66.3 

3621 

3410 

3526 

3239 

63.5 

58.3 

2150 

1975 


3653 

65.8 

59.5 

2461 

2227 

4593 

4538 

77.8 

76.9 

2750 

2717 

5465 

5321 


68.9 

2802 

2728 

4841 

4766 

62.6 

61.6 

2548 

2508 


4553 

72.5 


2691 

2616 

4952 

4675 

82.4 

77.9 

2913 

2750 

4741 

4555 

72.9 


2591 

2489 



67.7 


2624 

2530 

5957 


71.8 

66.8 

2978 

2805 

5633 

4988 

81.6 


K I.: 

2711 

6535 

6192 

94.7 


K 

3347 

5225 


77.9 

71.9 

m\\\ 

2564 

4681 

4528 

78.0 

75.4 

2871 

2777 

6459 

6388 


88.9 

3491 

3453 

Bail! 


76.3 

69.9 

3031 

2759 

5372 

iiu 

71.2 

67.3 

2904 

2746 

6538 

6317 

82.3 

79.5 

3173 

3066 

6448 


87.2 

86.1 

3323 

3285 



93.1 

88.9 

3461 

3306 

Im 

5658 

92.9 


3452 

3233 

• w 

5719 

95.7 


3475 

3262 

1 ^ 


92.7 


3424 

3350 

5530 



84.9 

3351 

3156 

5488 

Rni 


81.7 

3326 

3280 


5682 


81.1 


2990 


5854 

87.6 

83.5 

1868 

1768 


5773 


88.8 

3286 

3172 

5833 

5461 

89.7 

84.0 

3205 

3000 

5499 

5251 


76.6 


2866 


Cases marked A and B represent the same patient. 

All determinations on samples of serum were done according to the method of Gibson 
and Evans.* 


average value in the present paper, as seen from the tabulated data, falls so close 
to those reported by other investigators further confirms the validity of such a 
procedure. 
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COiEiEENrS 

#- 

This procedure may be adapted to other t^'pes of photo-electric iustninients 
pro^dded that the power source is constant, a suitable light filter is used, small 
cuvettes are emploj'ed, and that the optical S5%stem permits the passage of suffi- 
cient light without undue diffusion. 

The value of blood volume determinations in many clinical conditions such 
as shock, polyc3dhemia vera, hjTDerthjuoidism, mjocedema, obesity, or for the 
determination of total circulating protein is well established. The availability 
of a simple and reasonabty accurate method is thus desirable in view of the fact 
that such conditions are not infrequenth' encountered in a general hospital 
population. 


SCiUIAHT 


A simplified procedure for blood volume' determination has been studied and 
shown to give consistent and reproducible results. A comparison of plasma 
volume values using samples of plasma and serum revealed the former to gi\'e 
values 5 per cent higher than the latter. 
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ZINC IN HUMAN TISSUES 
Detection and Deteemination by Dithizone* 

A. 0. GETTLER, Ph.D., axd R. BASTIAN, B.S. 

From the Washington Square College of A rts and Sciences of New York University and the Chief 
Mcdieal Examiner's Office of New York City 

The detection of zinc in biologic tissues has, at best, ahva.ys been tedious and 
troublesome. In the usual qualitative chemical scheme of analysis, zinc is 
detected by precipitating it as the white sulfide. When analyzing human tissues, 
the zinc sulfide obtained is invariably colored brown to black. Successive 
reprecipitations do not entirelj'' eliminate all ti’aces of these colored contaminants 
and, thus, it is well-nigh impossible to obtain a pure white zinc sulfide precipitate. 

The object of the present research was to test the feasibility of completely 
separating the zinc from all other cations and contaminants bj*^ extracting the 
aqueous phase with a chloroform solution of dithizone. If this extraction were 
successful, the zinc dithizone complex in the chloroform phase could then be 
decomposed by dilute acid and the zinc re-extracted from the organic solvent by 
shaking it with water. The acidity of this aqueous solution could then be ad- 
justed for the precipitation of the pure zinc sulfide. 

Dithizone is an organic dye soluble in chloroform, yielding a green solution. 
Many cations, silver, mercury, lead, tin (stannous), bismuth, cadmium, copper, 
cobalt, nickel, zinc, manganese (manganous), produce colored complexes (orange, 
red or violet) with the dye, which are insoluble in water but are soluble in chloro- 
form. Hence, if a neutral or slightly alkaline solution of any one of the above 
cations is shaken with a solution of the d3'-e, the metal complex will pass into the 
chloroform layer. The latter can be drawn off and the extraction repeated until 
all of the metal has been removed. '\^Tien the extractions are done quantitative!}'’, 
with a standard dithizone solution, the process is knovm as “extractive titration.” 

In the usual course of an analysis, several of the extractable cations may be 
present. The problem is then to extract the desired cation, and at the same 
time prevent the extraction of the other cations. This is done (a) by adjusting 
the aqueous solution so that it has the proper pH foi- the extraction of desired 
cation and (b) by adding reagents, such as ej’^anide or thiosulfate, which form 
complexes with the other cations and thus prevent them from reacting with 
dithizone. 

Fischer and Leopoldi,’* Sandell,® Holland and Ritchie,® Cowling and Miller,® 
and Alexander and Tajdor^ have described methods for the detection and deter- 
mination of small quantities of zinc based upon the aboA’e pilnciples. These 
methods are more or less tedious and time-consuming, because the}’’ require 
several extractions. It was our purpose to devise a simple and direct method 
for the detection and determination of small quantities of zinc in biologic ma- 
terial. 

* Received for publication, September 6, 1946. 
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EXPERntENTAL 

Experiments were performed to discover under just what conditions zinc ions, 
to the exclusion of all of the above-mentioned cations, %vill be extracted bv a 
chloroform solution of dithizone. It was found that in an aqueous solution 
ha\dng a pH of 5. 5 ±0.2 and containing sodium potassium tartrate, sodium thio- 
sulfate, potassium C3'anide and sodium acetate, only zinc, cadmium and cobalt 
(the latter two only if more than 300 micrograms are present) will be extracted 
by' the dithizone solution. Contamination of the extracted zinc Iw' cobalt was 
not considered important because the latter is not likely to occur in appreciable 
quantities in human organs. Cadmium is, therefore, the onh* cation which may 
be extracted ■with the zinc, and which must subsequenth' be removed if present. 
It was also found that the quantity df iron which maj' be present in blood and 
tissues, 3 mg. in 5 gm. has no oxidative effect upon the dithizone. Based upon 
the above facts, the following method -was devised and elaborated. 

METHOD 

Reagmts Required (all C.P. grade): 

Nitric acid, concentrated 
Sulfuric acid, concentrated 

Digestion mixture: composed of two volumes of C6 per cent perchloric acid 
and one volume of concentrated nitric acid 
Ammonia, concentrated solution 
< ^-H}' drochloric acid, concentrated 
Acid meta cresol puiple indicator, 1 per cent solution 
- Hj'drogen sulfide, tank or generator 
Sodium potassium tartrate solution, 20 per cent 
Methji red indicator, 1 per cent solution 
Litmus paper 

Buffer solution: 550 gra. of sodium thiosulfate (Na2S20.-5- 5 H 2 O), 10 gm. of 
potassium cj^anide (KCN), and 90 gm. of sodium acetate (CHsCOOXa* 
3 H 2 O) are dissolved in one liter of warm wafer. Dilute acetic acid (1 to 4) 
is added until the .solution had a pH of 5.5. The solution is then diluted 
to two liters. 

Dithizone Solution (standardized) : 0.04 gm. of dithizone is dissolved in one lifer 
of chloroform. The solution is filtered and allowed to stand for several hours. 
The dithizone solution is standardized against a standard zinc solution on 
the day it is to be used. The zinc content of the standard should be of the 
same order of magnitude as that of the solution to be analyzed. .Should 
the latter have a much higher zinc content than the zinc standard, it i.« ad- 
visable to take a smaller aliquot of the solution of the tissue digest. The 
. procedure for standardizing the dithizone is the .same as that to he described 
in the method to follow. 

Standard zinc solution: 03.5 rag. of zinc (metal) are dis.^olvcd in (1 to 1) nitric- 
acid and 5 ml. of concentrated sulfuric acid are added. The solution is heated 
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until copious fumes of sulfur trioxide evolve. When cool, it is made up to 

exactly 500.0 ml. vitli distilled water (1 ml. = 0.127 mg. zinc). 

PROCEDUKE 

Twenty-five gm. of finely ground tissue or of blood is placed into a 250 ml. 
Erlenmeyer flask, and 50 ml. of concentrated nitric acid is added. After allowing 
the mixture to stand in a warm place, for one hour, with occasional stirring, 
the flask and contents are placed on a steam bath and allow'ed to remain until 
all of the tissue is dissolved and the evolution of nitric oxide (NO2) has virtually 
ceased. The contents are then permitted to cool to room temperature. In 
order to avoid ex-plosive i-eactions during the perchloric acid digestion, any 
solidified fat is filtered off, through glass wool, and discarded. The filtrate is 
collected in a 300 ml. Kjeldahl flask. 

When anal3’^zing urine samples, at least 100 ml. should be employed. The 
sample is fii'st evaporated to a s5’-rupj’- consistenc}" on the steam. bath and 100 
ml. of concentrated nitric acid is then carefull}’^ and graduallj^ added, since a 
violent reaction ensues. The contents are permitted to remain on the steam 
bath until a clear 3’ellow solution results, which is then transferred to a 300 ml. 
Kjeldahl flask. 

The nitric acid digest of tissue, blood, or urine in the Kjeldahl flask, after 
adding 6 ml. of concentrated sulfuric acid and several small glass beads, is 
boiled over a free flame. IWien all of the nitric acid has been boiled off, charring 
begins and this is general^'' accompanied b3’- frothing. It is w-ell to lower the 
flame at this point, and then to increase it again when the charred material has 
ceased frothing. If during the charring the contents solidify, cool and add 2 ml. 
more of concentrated sulfuric acid and continue heating-. IWien frothing has 
ceased, the flame is raised and the digestion mixture is added dropwise. After 
0.5 ml. of the digestion mixture has been added, further addition is deferred 
until frothing again ceases. Additional 0.5 ml. portions are thus added dropwise 
until the hot liquid has changed in color from black to 3-ellow or has become color- 
less. About 5 ml. of the digestion mixture is needed for 25 gm. of tissue and, 
if added during an inteiw^al of approximateh'' ten minutes, will gi\-e the desired 
result. The heating is now continued until sulfur tiloxide fumes are evolved. 
The flask and contents are then allowed to cool to room temperature. Ten 
ml. of water is added, and the contents are again boiled until sulfur trioxide 
fumes are evident. This treatment is repeated once more in order to insure 
the destruction and expulsion of all traces of nitric acid and oxides of nitrogen. 
The contents are then allow-ed to cool to room temperature, and the ^’olume 
is made up to exactl3' 50.0 ml. b3' the addition of distilled water. The diluted 
digest is filtered, if necessary, and used for the detection and estimation of zinc. 

A 10 ml. aliquot of the diluted digest is made alkaline to acid meta cresol 
purple wdth concentrated ammonia, diluted to 50 ml., and then made slightly 
acid wdth concentrated hydrochloric acid. The solution is heated to about 
70 C. and hydi-ogen sulfide passed through for about five minutes. The flask 
is stoppered, and allowed to stand one-half hour. It is then filtered, the precip- 
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itate ■v\ ashed with two small portions of water, and the washings are added 
to the main filtrate. The precipitate is discarded. The filtrate is boiled to 
expel all of the excess hj^drogen sulfide and to reduce the volume to about 10 
ml. If, as is usually the case, cadmium is.not present in the tissue, this hydrogen 
sulfide treatment maj' be omitted, and the following procedure may be used. 

To a 10 ml. ahquot of the diluted digest, 2 ml. of sodium potassium tartrate 
solution is added, followed bj' the dropwise addition of concentrated ammonia 
until alkahne to acid metal cresol purple. Two drops of meth5d red are added, 
a small piece of litmus paper is then introduced, and dilute ammonia (1 to o) 
is added until the solution is allcaHne to methyl red but acid to litmus (pH 5.0 
to 6.0). Fifty ml. of the buffer solution is then added and the whole quanti- 
tativeH transferred to a 250 ml. separatory funnel. Distilled water is added 
to bring the volume to about 75 ml. This solution will have a pH of 5.5 ± 
0.2, as measured b3' glass electrode. 

The solution is now subjected to an “extractive titration.” The standard 
dithizone solution is placed into a burette, pre\'ioush' washed with a little of 
the dithizone solution. Twent3’-five ml. of the dithizone solution is added 
to the material in the separatory funnel, thoroughl3’- shaken, and then allowed 
to stand. If the chloroform la3-er does not assume a bright red color, but remains 
green or has a purple color, there is no zinc or onl3' a trace present in the sample. 
Should the chloroform la3'er, however, assume a bright red color, indicating 
zinc, then successive 25 ml. portions of dithizone solution are added to the 
material in the separatoiy funnel. After each additidn, the separatory fuimel 
is thoroughl3’' shaken and then allowed to stand. Each 25 md. portion of chlo- 
roform extract which assumes the bright red color of the zinc-dithizone complex 
is carefull3^ removed and saved for confirmator3'’ tests. This process of extrac- 
tion and removal of the chloroform la3-er is continued until a chloroform la3’er 
is obtained that remains green or assumes an “off color” (puiple). This titra- 
tion furnishes an approximation of the quantity of dithizone solution required 
to extract aU of the zinc. 

The “extractive” titration of a second 10 ml. ahquot is conducted in the same 
way, except that 25 ml. less than the total volume of dithizone required in the 
first titration is added to the solution in the separator3^ funnel in one step. 
After thoroughl3'' shaking, it is allowed to stand, and then the red chloroform 
layer is completel3’' removed. The titration is fhen completed b3’ successive 
5 ml. portions of dithizone. The end point is reached when the chloroform 
layer does not assume a red color but remains green. It is not necessarv to 
titrate with portions of dithizone less than 5 ml. because the ma.ximum error 
involved would be onh' about =b 10 gamma of zinc. If greater accurac}' is re- 
quired, the titration near the end ma3* be conducted b3' using one ml. portions 
of the standard dithizone. From the total volume of standard dithizone used 
in the titration of the second aliquot, the quantit3" of zinc present in the sample 
used ma3’' be calculated. 

The zinc content ma3- also be determined b3' combining all of the dithizone 
extracts, removing all free dithizone b3' washing with chloroform, then making 
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up to a definite volume and comparing the color vith a standard zinc dithizonate 
solution by means of a visual colorimeter or a photo-electric colorimeter. 

The presence of zinc may be confirmed as follows. The combined red chlo- 
roform dithizone layers are washed with 10 ml. of the buffer solution. The 
chloroform la 3 ’er, containing the zinc is then shaken with 10 ml. of dilute h 3 ^dro- 
chloric acid (1 to 20), then drawn off and discarded. The acid aqueous la 3 'er 
is washed with three successive 10 ml. portions of pure chloroform, and then 
filtered. The filtrate is evaporated to about 5 ml., made alkaline vith ammonia 
and then just acid with acetic acid. The resulting solution is divided into two 
portions. Into one, hydrogen sulfide is passed, a pure white precipitate indi- 


TABLE 1 

Norm.^l Zinc Content of Hu.man Liver and Kidney 


NORUAL HUMAN TISSUE, 25 CM. 

MG. OF ZINC FOUND BY 
DIRECT DITniZONE EXTRACTION 

MC. OF ZINC FOUND BY 
DITHIZONE EXTRACTION AFTER 
PRELIMINARy H-S SEPARATION 

Liver 

1.2 

1.1 

Liver 

1.5 

1.4 

Liver 

1.2 

1.2 • 

Kidnej' 

1.4 

1.2 

Kidney 

1.2 

1.1 

Kidney 

1.6 

1.3 ■ 


TABLE 2 

Quantitative Recovery of Know.n A.mount.s op Zinc .^dded to .33 g.m. Speciiiens of 
Liver Tissue Having a Xor.mae Zi.nc Content of 1.6 mg. 


NORMAL ZINC CON- 
TENT IN MG. , 

MG, ZINC ADDED 

TOTAL ZINC CONTENT ; 
IN MG. 

MG. OF ZINC FOU.ND | 
BY DIRECT DITHIZONE I 
EXTRACTION ] 

1 

MG. OF ZINC FOUND 

BY DITHIZONE E.XTBAC- 
TION AFTER PRELIMI- 
NARY H^S SEPAIGVTION 

1.6 

2.0 

3.6 

3.9 

4.2 

1.6 

1.0 

2.6 

2.6 

2.5 

1.6 

3.0 

4.6 

4 .5 

4.5 

1.6 

4.0 

5.6 

5.8 

! 5.7 

1.6 

2.0 

3.6 

3.0 

3.4 

1.6 

1.0 

2.6 

2.7 

2.9 


eating zinc sulfide. To the second portion, potassium ferroc 3 'anide solution 
is added, a white precipitate indicating zinc ferroc 3 ’'anide. Finalty a portion 
of ; the Avhite sulfide ma 3 ^ be subjected to spectrographic anabasis, when the 
t 3 '^pical zinc lines will be evident. 

In Tables 1 and 2 are charted some of the quantitati\'c results obtained b 3 ’ 
the method described. 

The experimental results listed in Tables 1 and 2 reveal the following facts: 

! 1. If, as is usualb^ the case, cadmium is not present in the tissues, the prelim- 
inary h 3 'drogen sulfide separation ma 3 ^ be omitted, thus simplif 3 'ing the proce- 
dure. 
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2. The method is reasonalily accurate for the quantitative determination 
of zinc in biologic material. 

3. The normal zinc content of human liver and kidney tissue is surprisingly 
high, 5.4 mg. in 100 gm. of wet tissue. Cholak- reported finding from 0.5 
to 1.5 mg. zinc in 100 gm. of normal tissue. His low values maj" be explained 
by losses due to volatilization, since dry ashing was employed. 


SU.M.%L\RY 

A simple method for detecting zinc in human tissues is described. The method 
maj' be used for the separation of zinc from all other common cations. 

The dithizone ‘‘extractive titration” was applied to the quantitative estima- 
tion of zinc in tissues. 

The method described is much simpler than the methods cited in the litera- 
ture which are based on dithizone extraction. ' 

The normal zinc content of human liver and kidney tissue is of the order 
of 5 mg. of zinc in 100 gm. of tissue. 
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PREPARATION OF POTENT BLOOD GROUPING SERUMS* 

BETTINA B. CARTER, M.S., SYLVIA B. MIROWITZ and PRISCILLA KN'AUGHTON 
From the Inslilule of Palhologi/, Western Pennsijlrania Hospital, Pittsburgh, Pennsylvania 

The use of purified blood group substance as antigen for the production of 
high titered antibody in human subjects \vas in\'cstigated in detail by Witebsky,. 
Klendshoj and McNeil, folIoAving widespread, if not cori’elated, observations 
that isoagglutinin titer tends to rise after accidental transfusion of incompatible 
blood. Aubert, Boorman and Dodd* reported a rise in isoagglutinin titer after 
transfusion with senim of an incompatible blood group. Also, Wiene)-, Soble 
and Polivka^ have prepared blood grouping serums by injections of partially 
purified saliva from secretojs into appropriate human subjects. 

During the two years since its inception, the Blood Grouping Laboratoiy of 
the 'Western Pennsylvania Hospital has produced all of its own grouping serum 
and has suppilied such seram to other laboratories. This senim has been pro- 
duced by the method of intravenous inoculation of selected donors (in this 
instance largel}’’ interns serving in the hospital) with 0.1 cc. Witebsky A and 
B Factors (Lilly) in 1 cc. sterile saline. After a ten day period, a trial bleeding 
is made and, if the isoagglutinin titer is satisfactoiy, from 150 to 250 cc. whole 
blood is bled from the donor. We use no serum with a titer of less than 4 plus 
in a dilution of 1 : 640 ; group B serum must be prepared against A 2 cells. During 
the two 3 ^ear period, 18 donors have been selected. It is our practice, at present, 
to inoculate a given individual only once. To date, we have seen no evidence 
of a reaction of anj'- kind from the inoculation. 

The "i^ariation in susceptibilitj’’ to immunization from one indi\'idual to another 
is interesting. Of the 18 donore, only two were not susceptible to immuni- 
zation with a single inoculation. These two individuals were both secret ors. 
One individual among the 18 did not reach the requisite titer until two months 
after inoculation. Another donor reached a 4 plus isoagglutinin titer of 1 : 1280 
in seven daj's. The initial titers of these donors before inoculation varied be- 
tween zero, or no agglutination of appropriate cells by the undiluted serum, 
to a 4 plus reaction in a dilution of one part of serum in eight}' parts saline. 
Most of the titers were found to range in dilution between 1 ; 10 and 1:20. Titers 
of a potency high enough for use persisted in some instances for as long as six 
months after inoculation. Of course, unusually high titers of unknovui origin 
exist normally in some individuals. One group 0 donor whom we had occa- 
sion to test had a 4 plus anti-Ao titer of 1:640 dilution, with no previous sen- 
sitization, as far as could be determined. 

Titer is determined bj'^ preparing from undiluted serum sen’al dilutions of 
1:3, 1:5, 1:10, 1:20, and thereafter doubling the dilution up to 1:1280. Two 
drops of each dilution are incubated for thirty minutes at room temperature 
with two drops of the appropriate cell suspension. Then the tests are centri- 
fuged lightly and read at once maeroscopically. 

f Received for publication, September 6, 1946. 
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After a suitable donor is bled, the agglutinatioD. rate of his serum is deter- 
mined. Dilutions of 1 : 1 , 1 : 3, 1 : 5, 1 : 10, 1 ; 20 and 1 : 40 are made with saline, 
and an appropriate cell suspension is prepared. Slides are labeled, one for 
each dilution. One drop of the diluted serum is placed on the slide and to it 
is added one drop of the cell suspension. The slide is rotated and, \\ith the 
aid of a stop watch, the inter\’al determined between the time when the cells 
and serum were mixed and the first macroscopieallj’' \'isible agglutination. Again 
the time required to produce a 4 plus agglutination is observed. These 
two speeds of agglutination are plotted against the dilutions. It is interesting 
to note that there is usually an area of zoning: generall 3 ' the 1:3 or the 1:5 
dilution is the one which is most effective, or at which agglutination proceeds 
most rapidlj*. This dilution is chosen as the final one for use. The accompan}^- 
ing figures show lepresentative curves obtained- Figure 1 shows an unusually’’ 
rapid reacting antiserum. Figure 2 shows another wthin the normal range 



Each of these serums gave a 4 plus reaction in a dilution of 1:1280 b}' the tube 
method. 

The production of high antibodj^ titer bj^ the injection of blood group spe- 
cific substance is of both theoretical and practical interest. Belkin and Wiener- 
used carefulW prepared red cell stroma for intramuscular injections without 
untoward effects. Witebskj" and KlendshoJ®' considered the blood group 
specific substances to be carbohj^drate in nature, i.e., haptens in Landsteiner’s 
sense.^ Theoreticallj^ then, group specific substance should be capable of 
neutralizing antibod}’-, but not of producing it in the experimental animal. 
That these substances will neutralize isoagglutinins, as demonstrated in relation 
to transfusions b}*- IflendshoJ and associates,’ and will produce antibodies on 
inoculation into the animal organism is obmous. Some investigators have 
been successful in avoiding difficulties with a series of injections of blood group 
specific substance into a single donor. Brand and SaideP found 6.1 per cent 
total nitrogen, 56 per , cent reducing sugar and 30 per cent glucosamine in puri- 
fied blood group “A” substance. 

Perhaps the most interesting theorj' which attempts to account for an unex- 
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plained, yet apparently complete, antigenicity of carbohj’-drate material was 
advanced liy Sevag.® He suggested that a given carbohydrate, on injection 
into the experimental animal, maj'- combine tn vivo with a pj-otein, thereby form- 
ing a complete antigen. It is possible that a reaction of this nature occurs 
upon the injection of group specific substance. Assuming for the sake of theo- 
retical considerations that Scvag’s theory of antibody formation is correct and 
that the action of antigen is that of a biocatalyst, it is possible that the i-equire- 
ment for a complete antigen is a holoenzyme and that, if either apoenzyroe or 
coenzj’-me is lacking, either in vitro or in vivo, antibody formation is not stimu- 
lated, Thus, there ■would be conditions under which neither protein nor car- 
boh.vdi-ate material would prove antigenic in relation to a specific substrate, 
whereas a eomliination of the two matei-ials would provide the complete antigen. 



Fig. 2. Repkesentative Titration Curve for Human Beood Grouping Serum 


SUMMARY 

The methods of pi-oducing potent tj^ping serum bj’- intravenous inoculation 
of suitable donors A\'itli A and B factors have been re\'iewed. Titration methods 
and the determination of agglutination speeds are discussed and a theory selected 
to account for the antigenicity of the A and B substances. 
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A COMPARISON OF RED BLOOD CELL COUNTING TECHNICS* 

VALENTINE J. CONNOLLY, B.S. 

F Tom the U. S. Marine Hospital, Staten Island, New York 

There exist at the present time at least three methods of calculating erylihro- 
cyte counts. The Neubauer counting chamber method is the most commonly 
used and the most widely known. In 1943, Phillips et aZ.^published their technic 
of estimating the red blood cell count from the number of grams of hemoglobin 
as determined by their copper sulfate specific gravity method and Blum^ intro- 
duced the photo-electric method of calculating the erythrocjd^e count. 

In our work, Gowers’ solution* was used as the fluid in the counting chamber 
method and also as the diluent for the photo-electric colorimeter technic. Ch’U 
and Forkner® demonstrated the superiority of this fluid in obtaining a more even 
distribution of the cells in suspension. Specimens of oxalated blood were 
collected from healtlty and sick individuals. The number of er 3 '^throcytes was 

TABLE 1 


Erythrocyte Counts, in Millions, Obtained by Three Technics 


KUUBEK OF SPECOQE^K 

GRAVITY METHOD 

CBAUBES METHOD ] 

PHOTO-ELECTRIC METHOD 

1 

5.037 j 

5.100 

4.805 

2 

4.940 1 

4.800 i 

4.940 

3 

3.100 

3.100 

3.100 

4 

6.200 1 

5.600 I 

5.700 

5 

3.600 i 

3.200 

3.280 

6 

3.006 

3.120 

3.190 

7 

3.77Q 

3.990 

3.500 

8 

3.835 

4.230 

3.500 

9 

4.600 

3.600 

4.300 

10 

2.820 

3.100 

2.800 


determined by the counting and gravimetric technics and estimated bj’^ the 
turbidimetric method. 

Table 1 lists a series of cell counts, giving figures obtained b 3 ^ the three differ- 
ent methods. 

Wintrobe^ states, “In spite of the fact that statistical anabases indicate 
that the error in counting red corpuscles may be as high as 16 per cent, even 
in the hands of trained technicians, it will be found that, with practice, counts 
agreeing vdthin 200,000 per cu. mm. can be made.” Using this limit of error 
as a criterion, our finding s indicate asatisfactor 3 ’' correlation between the technics. 

The simplicity of the turbidimetric technic not only enhances the redupli- 
cability of the results, but reduces considerabl 3 ’^ the time and labor required. 
The gravimetric method is quite as simple, although not as rapid, and has the 
disadvantage of requiring a large quantity of oxalated venous blood and centrif- 

* Received for publication, September 9, 1946. 
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ugation. The introduction of inaccuracies due to pipetting, dilution, shaking 
and distribution over the ruled area, as Avell as the time and labor involved in 
the periomiance of the chamber technic, render it the least desirable of the three 
methods. 


SUMMARY 

In a small series of erythrocide counts, a close correlation of results was 
obtained bj' using the following three methods on each of the specimens of 
blood : copper sulfate specific gravity method of Phillips ; photo-electric method 
of Blum; and the hemacytometer method, using the Neubauer ruling. 
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A SIMPLIFIED METHOD FOR EMBEDDING CELLULAR CONTENTS 
OF BODY FLUIDS IN PARAFFIN* 


CEOIIGE CLARK, Pii.D. 

From Ycrkes Laboratories of Primate Biology, Orange Park, Florida, and Yale University 

New Haven, Connecticut 

The recent publication of Hildebrand and Cheatle^ emphasizes again the 
value of paraffin sections in the study of the cellular content of body fluids. 
There is, however, a much simpler method than the one they describe. The 
technic is not original mth me, and although I do not know its source, I am 
reporting it because, despite its .comparative simplicit 3 % it gives excellent results 
and deserves much wider use. The essential feature is the use of the centrifuge, 
not, only to concentrate the original fluid, but also to facilitate the changing 
of the various necessary reagents. The method is as follows: 

1. Concentrate the fluid in the centrifuge tube, preferably in a conical one 
of 15 cc. Centrifuge, decant, add more fluid and centrifuge again until the 
sediment totals 0.3 to 0.5 cc. 

2. Decant, add preferred fixative and mix with a glass stirring rod of small 
enough caliber to reach the bottom of the tube. 

3. By centrifuging, decanting, adding the next fluid and mixing as above, 
pass through the various concentrations of alcohol and clearing agent to paraffin. 
It is usually sufficient to allow only about five minutes for each step. 

4. After adding the first paraffin (no more than 5 cc. is needed), place tube 
with metal shield and reducing and trunnion rings in the o\'en. One change 
of paraffin is ample, and sufficient heat is retained by the metal shield and rings 
to prevent solidification of the ‘paraffin during spinning. Finall}", harden the 
paraffin in water. Prepare a pan of warm Avater slightly deeper than the length 
of the centrifuge tube, the temperature of which is somewhat above the melting 
point of the paraffin used. Place the tube in the Avater, and as soon as the 
paraffin begins to melt, remove the tube from the bath, inA-ert and alloAA' the 
entire mass of paraffin to slide from the tube into the hand. If this is done 
carefully, only the outermost portion of the paraffin AA'ill haA'e melted. Cut 
off the end containing the sediment. Mount a small square of paraffin on a 
cutting block and dig out a hole just large enough to accommodate the sediment. 
Blend the paraffin of the block AA-ith that of the sediment bj' means of a AA'armed 
teasing needle. Cut, mount and stain. 
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AN IMPROVED HOLDER FOR NONPROTEIN NITROGEN DIGESTION 

TUBES=*= 


L. MAGKIE SMITH, B.A. 

I'Tom the Laboratory of Pathology, St. Joseph’s Hospital, London. Canada 

I'he holder to be described is used for nonprotein nitrogen determinations, 
when the digestion of the Idood filtrate is carried out in 200 by 25 mm. pyrex 
test tubes. It has the following advantages: it does not break the tubes, has 
no rubber which may bum, places all tubes at the same height above the flame 
and is neat, in appearance. 

The parts necessary for the holder can be purchased locally at small expense. 
The. following parts are necessary; 

One laboratory' stand with 5" rod 

One face plate for lathe, 8" in diameter (used in sanding) 

One collar, with set screw, to fit rod of stand 

Six U-shaped holders (clothes closet pole holders) 

Twelve stove bolts jz" by -V' 

'rhree or six coil extension springs, %" in diameter. (One may use three 
3" carburetor springs cut in lialf.) 

CONSTRUCTION 

Six holes each 27 mm. in diameter are cut through the face plate, so tliat 
they are equally spaced and the outside edge of each hole is 15 mm. from the 
edge of the plate. The center hole of the face plate is drilled so that it will 
fit the rod of the stand (Fig. 1). 

The U-shaped holders are bent .slightly to fit the tubes properly, on one-half 
the perimeter, allowing 1 mm. clearance for variation in tubes and expansion 
due to heat. The inner curve of the U holder, with open end tow-ard the 
center, is lined up with the outer curve of the 27 mm. hole on the under side, 
and the position for the bolt holes marked on the face plate through the tal) 
on either side of the U holder. This is repeated for all six holes and the twelve 
small holes are drilled, having the same size as the hole in the tabs. Each U 
holder is bolted on loosely. A dige.stion tube is inserted and a spring placed 
across the open end of the U holder with at least two coils and tw'o inches of 
straightened spring bej'ond. The tension on the spiing is increased b}' putting 
more coils bej'ond the U and adjusted until the required position for use is 
obtained. The U holder does not bend; it is the spring tension that holds 
the tube. All except two coils of the spring beyond the U are straightened 
out and the free ends are bent down and fastened around the bolts wEich are 
then firm!}' tightened. It may be necessary' to cut a small notch to keep the 
spring in the proper po.sition at the point where it crosses the U holder. 

Received for publication, November 18, 1946. ■ 
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Pig. 1. Tube Holdeb, As in Use 
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FACE PLATE (under side) 
TAB 

BOLT AND NUT 
U HOLDER 


HOLE (27mm.) 

SPRiNG 

NOTCH 

TEST TUBE (25 x200mm-) 


Fig. 2. Scheme or U Holding Unit 


A collar is placed on the rod and adjusted to keep the holder at the proper 
height when in use. To keep the metal parts from becoming too hot, it is 
preferable to place the greater portion of the tubes below the holder. When 
the digestion of one sample is completed, the face plate is rotated to bring the 
next tube into position over the flame. 

SU.MMARY 

Construction has been described of a holder for nonprotein nitrogen digestion 
tubes which spares breakage and saves trouble and time. 




THE de^t:lopment of clinical pathology 

AS A SPECLALTY OF AIEDICINE 

Its Position in the Tears Ahead and Thoughts on the Future 
Training of Pathologists* 

FRAXK W. KONZELALANX, M.D. 

From (he Department of Pathology, Atlantic City Hospital, 

Atlantic City, New Jersey 

FIRST STEPS IN ORGANIZATION 

On May 22, 1922, the American Society of Clinical Pathologists "vvas organized 
at St. Louis, Missouri. I am told that among those present at that meeting 
were Burdick, Hhkowitz, Corper, Hartman, ^loore, Ivj' and Wohl. I will not 
attempt a historic review of this Society, but I call attention to its organization 
as the first significant step in establishing clinical pathologj' as a distinct specialty 
of medicine. The second annual meeting was held here in San Francisco twenty- 
three yearn ago. An address, read at that time by Dr. Harry Gauss, was a 
scholarh’- historical presentation entitled “The Evolution of Clinical Pathology.” 
Some of the Presidential Addresses since have been devoted to a description of 
the pathologist as a strange sort of person, so different from his medical col- 
leagues. Several speakers have, in a sort of monody, classified him as they would 
a biologic specimen. Other addresses were jeremiads on the status of clinical 
pathology among associated branches of medical practice. 

THE morphologic P.^THOLOGIST 

That the clinical pathologist received little recognition in those days is xmder- 
standable. The teaching of Galen that “there is no disturbance of function 
without organic disease” was a concept still held bj'- many. It is imderstandable 
that among pathologists and clinicians alike morphologic changes were sine qua 
non in the ultimate diagnosis of disease. The introduction of cellular pathologj’’ 
b3' Mrchow in 1858 was a great step forward in an understanding of the processes 
of disease. It still is a highty important branch. 

No one challenged, therefore, the status of the morphologic pathologist or the 
wisdom and accurac}' of his diagnosis. His diagnosis has been admitted as the 
“last word,” although I am not so certain it is alwa.vs so. For a pathologist to 
suggest that he might offer the “first word” was entirel}' a different matter. 
Other physicians doffed their hats to the pathologist onty in the deadhouse. 

DKVKLOPJ.TENT OF ALLIED .SCIENCES IN CLINICAL PATHOLOGY 

In the yeai-s that followed Virchow, morphologic pathologj' reached its highest 
peaks. But slowly since that time, additions have been made to our knowledge 

* Presiflcnliai adtirpss delivered at the Twenty-Fourth Annual Meeting of the .American 
Society of Clinical Pathologists, San Francisco, California, June 28, 1946. Received for 
publication, January S, 1947. 
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of bacteriology’-, physiology’- and biochemistry. Many bacteria and other living 
agents causing disease have either been actually isolated or demonstrated by one 
biologic process or another. The serologic tests for syphilis have offered more 
accurate and earlier methods of diagnosis than the morphologic manifestations. 
Indeed, although it is regrettable, the diagnosis of syphilis from its skin mani- 
festations is becoming a lost art. How many times have extragenital chancres 
been missed by visual inspection? Modern therapy instituted early because of 
the greater diagnostic accuracy of such procedures as the Wassermann test, the 
darkfield illumination and the “punch biopsy,” has prevented many of the later 
manifestations of syphilis which our predecessors were so accustomed to see. 

I have never seen in life such syphihtic lesions as Gross recorded fifty y^ears ago 
in the wax figures noAv preseiwed in the Museum of Jefferson Medical College. 
The differential diagnosis of such luetic lesions must have been difficult and then 
accomplished late. Who would shun the serologic test today^ for the most 
expert opinion of yesteryear? Ob'riously’- 1 do not speak of an isolated case. 

So it has become with other phases of medical diagnosis. I have, in recent 
years, watched many'^ a leading clinician examine a patient and with a feeling of 
sadness have recalled the slow, painstaking and exact methods of McCrea, 
Fussell and Reisman. I think of Litten’s diaphragmatic sign, the signs of 
Grocco, of Broadbent, of Kussmaul, and realize that the art of physical exam- 
ination is on the wane. More exact methods yield more information. A 
properly exposed x-ray film reveals changes which the most expert clinician can 
not detect. The time has not come for the complete abolishment of physical 
diagnostic methods, and I believe, and teach, that the physician should by case 
history and physical signs arrive at a diagnosis to be confirmed or rejected by the 
more exact laboratory methods. 

The recognition of bacterial infection is a task for the expert bacteriologist 
and serologist, possessing a full knowledge of the history^ and sy’mptoms of the 
patient. One reads with admiration the detailed descriptions of the mani- 
festations of such diseases as typhoid, ty’^phus, or of Malta fever as they- were 
written years ago. But these manifestations are late; and today we know of so 
many- newly discovered fevers, such as the varieties of typhus, undulant fever 
and tularemia, that our diagnostic problems would be almost insurmountable 
were it not for the serologic tests available. So that while the expert clinician 
of today’- waits for the classical signs to develop, the laboratory often reveals the 
nature of the disease in a few hours. Again, I do not minimize the importance 
of a knowledge of the clinical aspects, but I emphasize the importance of the 
combined efforts of clinician, pathologist and radiologist. 

Piece by piece we have seen the practice of medicine cut into specialties. A ■ 
general practitioner today serves in part, at least, as a clearing house, turning 
this patient over to the surgeon, that one to the neurologist. Is it any wonder 
that he installs a basal metabolic machine and an electrocardiograph and hires 
a technician to perform such laboratory procedures as are profitable? He tried 
x-ray diagnosis, too, but in the main that was not profitable because of the cost 
of apparatus, and, as many have discovered, it was dangerous and required 
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considerable teclmical sMU. But blood counts and basal metabolic determi- 
nations present no'risk; vrho knows whether they are correctly done? A tech- 
nician can be taught in a few weeks (so think some), and besides, she can help 
with patients and records. The greatest compliment such men can pay the 
clinical pathologist is to come to him when they themselves are ill. Such, 
however, is the behavior of human beings in an age of great economic competition. 

The most noteworthy advances in clinical pathologj* have been made within 
the lifetime of most of us present here. The system of blood analysis had its 
beginning with the work of Folin and Dennis in 1912 and 1915. The improve- 
ments in technic published in 1920 by Folin and Wu were followed by the wide- 
spread use of this system in laboratories throughout the United States. The 
next fifteen years saw many notable advances, such as the flocculation tests for 
syphilis, quantitative agglutination tests for a variety of bacterial diseases, 
pneumococcus typing, renal and liver function tests, an understanding of the 
significance of blood sugar levels, of blood chlorides, calcium, phosphatase, and 
of the significance of the diameter of red blood cells in the classification of 
anemias. The increased demands upon the laboratory incident to these dis- 
coveries and new technics require personnel prepared by adequate instruction in 
the basic sciences, trained in the performance of intricate anal 3 ’tic methods, and 
directed by one familiar "with the current literature and with the variations and 
complications caused by disease. Thus, clinical pathologj’- has emerged from the 
ward laboratory and from the physician’s ofiice, to a position of great importance 
in the diagnosis and control of disease. 

DEM.AND FOR PATHOLOGISTS INCREASES 

The demand for clinical pathologists has increased. Laboratories have grown 
in size and in personnel. The profession of medical technology was established 
wisete under the combined guidance of this Society and the American Medical 
Association. The Second World War established the laboratory and its entire 
staff as indispencaljle to anj^ sort of medical paractice. The military demand 
for technical help and professional super\ision was greater than could be met 
by organized medicine. Pathologists and technicians were created in short 
training courses, unfortimately without due regard for personal fitness, 
adequacy of basic training and the length of time necessary for laboratory 
training. But there was an emergency to meet. It was admitted that a well 
staffed laboratoo’' was essential even to a military hospital, and I think it will 
be further admitted that greater accuracj^ and efficiency resulted in a laboratory 
directed bj^ one who had special training in this field. No further proof is 
required of the position of clinical pathologj^ today. 

Our economic problems are no different from those of medical men in general, 
or those of an}’’ other specialty. It was not until the latter part of the last cen- 
turj' that an 5 ’' sort of limitations were placed upon those who could legally prac- 
tice medicine. There is still no legal restriction to the practice of specialties 
among those licensed by the States. Despite opposition, various “pathies” have 
obtained a legal right to engage in questionable forms of practice. The treat- 
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merit of the sick can be a profitable enterprise and it seems as if the amount of 
profit is often in inverse proportion to the ethical standards and benignity of the 
practitioner. The attack upon these evils and upon those that exist in organized 
medicine must be largely one of education and demonstration. Legal attacks are 
necessar 3 ’-, but help from legal sources is iveakened bj'’ the democratic principles 
of this nation, wherein an individual, regardless of his ability to do so, is allowed 
to choose his physician as he does his religion. It is further weakened by the 
reluctance of legislators to restrict or destroj’’ established business. These 
benefits of democracy result from broad principles. "ViTio among us would risk 
the abandonment of a single feature, except bj’’ making it unpopular through 
education? 

CLINICAL PATHOLOGY 'BECEIVES OFFICIAL HECOGNITION 

Clinical pathology has through the efforts of this Societ}’’ traveled far. In 
1930, a committee of the American Medical Association, investigating labo- 
ratory fees, wrote in its Journal: "pathologists or laboratorj’- directors are dif- 
ferent from surgeons and internists;” but a few .years later, the Board of 
Trustees passed a resolution testifying that the practice of clinical pathologj' was 
the practice of medicine. A certifying board has been established clearlj’" 
defining the qualifications requisite for establishing competency in pathology. 

THE YEARS AHEAD 

The years ahead promise greater expansion of the laboratorj^ as a diagnostic 
and educational center. Conversant as he is with the language of all the other 
specialties, the clinical pathologist acquires a unique position. His position 
is most suited for direction of the intellectual activities of the group or hospital. 
Since his income is derived entirely from referred work, he can well serve as a 
public relations officer without the implication that he is "drumming up business” 
or seeking cheap advertisement. Since he devotes fidl time within the hospital 
and he contacts patients, both in ward and private room alike, he is most suited 
to serve as adviser to the administrative staff. He is in the most favorable 
position to offer service to the public, to the hospital staff, to his colleagues, and 
to the science of medicine. The clinical pathologist can make himself equal to 
such tasks. 


THE P.^THOLOGIST AS \ CONSULTANT 

The pathologist must consider his worth as a consultant and a correlator of 
clinical facts and laboratoiy findings. Often laboratory results can be correctly 
evaluated only with a full knowledge of the clinical signs and symptoms in a 
particular case. Such knoivledge often suggests additional laboraton^ studies, 
which may not have occurred to the clinician, but ivhich are important in the 
establishment of a diagnosis. Physical diagnostic methods and case study are 
not denied the pathologist and the use of these methods further establishes his 
position as a physician and earns for him greater esteem among clinicians and 
lajunen alike. The direction of laboratory activities could fall into the hands of 
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a graduate in chemistry or even a veil trained technician. Such persons soon 
begin to express opinions as to the normality or abnormality of a report. Most 
clinicians ma3^ draw conclusions from such reports about as successfully as thev 
read x-rax' plates. Such a practice vould not be adopted bj' a vise clinician, 
but if some hospital administrators control the situation they are not bej’ond 
sacrificing scientific accuracy' for administrative econom\^ 

PREPARATION FOR THE A'EARS AHEAD 

The position of the clinical pathologist in the j’ears ahead depends much upon 
his efforts in the five activities enumerated below. 

1 . Organization. The power of organized effort has been onh* too well demon- 
strated in labor circles in recent months. The cruel tools of labor organizations 
have no place in professional groups, but dignified pressure can be brought to 
bear upon institutions bj* a well organized national societj^. It has been proposed 
to form a new society for this verj' purpose. Whether interests of clinical patho- 
logists can be best served bj- the American Society of Clinical Pathologists at 
less cost and without duplication of effort, or bj* a new group organized for the 
express purpose of fighting the economic battles of pathologists must be decided 
after careful consideration. IITiich ever course is adopted must have the support 
of every practicing pathologist. 

Local societies must be formed in various communities, depending upon the 
number of pathologists concerned. Manj' such local organizations have been 
formed and are functioning. The local societies must maintain contact with 
the parent societA' bj* correspondence throughout the j-ear and by delegations to 
annual meetings. Local societies should meet monthh* during the j^ear, if 
po.ssible,for the discussion of scientific and economic problems. This is the 
method which has eA'olved so successfulh’’ in the American Medical Association. 

^The thoroughness of organization will be a measure of the success to be an- 
ticipated. The time is near at hand when the National Societ}' should support a 
full-time or part-time Executive Secretar 3 \ It is no longer fair to ask anj- of 
our members to make the sacrifice necessary* to serA-e in this capacitj', and the 
future will make demands on its executiA^’e officers eA’en greater than eA'er before. 

2. Graduate hv^trnclion. Both the National Society and the local organizations 
must, bj^ more frequent seminars, lectures, or bulletins keep eA'er\' one of its 
members informed on the newer deA'elopments in technic. In the local groups, 
personal instruction bA' those of greater e.xperience will improve the quality' of 
practice of those of lesser experience. A gracious consultation service in the 
diagnosis of blood films, tissue sections and bacterial cultures will aid the A'ounger 
man materially and will reflect credit on the members of our specialtA' as a whole. 
The offer bj' the larger laboratories to check anaWses of the smaller institutions, 
or to supply standardized solutions, also will improve the qualitj' of work done 
generallAA These actmties are not part of an idle dream for I haA'e seen them 
put into effect in the Section on Clinical PathologA' of the Philadelphia CountA’’ 
IMedical Society. Doubtless, other local societies are helping their members in 
a similar manner. The monthh' publication in the Journal of well chosen con- 
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ference cases emphasizing the clinical and pathologic aspects might stimulate 
some men to correlate their findings in a similar man ner. 

The maintenance of a high standard of practice and the problems of the patho- 
logist in relation to his hospital are primarily local problems but a powerful 
central organization must be prepared to render assistance when needed. 

3. Periodic Examination, Some form of periodic examination of laboratories 
should ultimately be instituted by either the local groups or the National Society. 
This Avill serve to stimulate the maintenance of high standards of both the path- 
ologist and the hospital administrative board. A series of unknown sub- 
stances should be submitted from time to time and those laboratories failing in a 
proper evaluation of the unknoum material should be so notified. I believe such 
periodic examinations are held for laboratories licensed in New York State. I 
do not Imow of any action that could be taken against institutions failing, but a 
published list of accredited laboratories might have a remarkable and powerful 
effect upon institutions not listed therein. 

4. Publication of Standard Methods and Values. Another attempt to standard- 
ize technics and normal values should be made. There is great confusion today 
resulting from the multiplicity of methods and the varying results obtained 
therefrom. I think particularly of determination of values of phosphatase and 
hemoglobin. The results obtained in one institution may not be comparable 
with those of another in the same town or city. 

5. Lay Education. This field of activity has been greatly neglected as a Society 
enterprise. Carefully selected articles might be published in Hygeia or in one 
of the many monthly periodicals. The public is quite uninforme’d on the 
activities of pathologists and it is so eager to learn. Such articles would be very 
widely read if properly written. Both the National Society and the local organi- 
zations can accomplish much through addresses to lay organizations. Women’s 
clubs, service clubs, church and fraternal organizations eagerly accept offers of 
good speakers on medical subjects. Contacts can be made through speakers’ 
bureaus maintained by most county medical societies. Once a good address 
is delivered requests soon folloAV for more. This is largely a matter of individual 
effort but such effort can be stimulated by the National Society. 

TRAINING OP PATHOLOGISTS 

In order to keep pace Avith the program outlined above, the pathologist of the 
future must be better trained. Something is definitely wrong with the basic and 
the medical training of young men today. I encounter so many interns and 
residents who have not the slightest idea of the use and care of a microscope, not 
the slightest conception of the optics of a darkfield illuminator. Many blink at 
a request to work out a calibration curve for a photo-electric colorimeter. Some 
candidates for certification by The American Board of Pathology could not list 
the tests employed to study liver function, although they are familiar with most 
of the individual tests. They have never learned to think of these tests in a 
group. Feiv have any conception of the meaning of a statistical analysis. Just 
where the difficulty lies I do not knoiA'. College and medical school entrance 



THE DEVELOP^IE^T OF CLINICAL PATHOLOGY 


267 


examinations seem severe enough to permit selection of the most capable. Of one 
thing I am certain: much time is wasted in the present medical school curriculum. 
i^Ianj' of the lectures could be abolished and practical laboratorj' or conference 
courses substituted. I believe there is little of real teaching value in the surgical 
amphitheater or in the “surgical assistantships’' for medical students. Clinical 
clerkships, insisted on by the Council on Medical Education, are to be hailed as 
one of the wisest advances in medical student instruction. 

Clinical and pathologic conferences can be as instructive for advanced medical 
students as for graduates. It is in the conference that the medical student may 
learn of the specialty of clinical pathologj*. Is it any wonder that students who 
have never had a classroom contact with a clinical pathologist fail to register a 
desire to enter this specialty’? Here is an opportunity for some mis.sionary work. 
A judiciously written pamphlet for medical students would stir up considerable 
interest. 

The laborator}’’ service for hospital interns is likely to induce a dislike for 
clinical pathologj’’ rather than a desire to make a specialty of it. In some insti- 
tutions the intern serves as a substitute technician, doing much of the routine 
work with little actual opportunity for clinical correlation of laboratoty data. 
I am opposed to interns serving in an3' routine capacity except for a time just 
long enough to demonstrate the principle of each laboratoty procedure. In 
some phases this might require the entire period of his sendee, as for example, 
the gross description of surgical specimens, or the performance of autopsies. 
The latter procedures alwaj's should be under direct supendsion. I plan to 
have the intern devote the major portion of his time to obsenmtion and directed 
stud}'. 

I strongty recommend an additional jHar of university study in the subjects of 
cherniistty', ph3'sics and biolog}^ for those who contemplate specializing in clinical 
patholog}'. One of three resident 3'-ears might be so spent with great profit. 

Finall}’, I believe due consideration should be given to improving the broad 
intellectual talents of the resident, his literaty efforts, and his ability to meet his 
colleagues, his superiors and the public with confidence and dignity. Ma}" we 
lead the way b}' good example. 



LEUICEMIA (SUMMARY OF 100 CASES) AND LYMPHOSARCOMA 
COMPLICATED BY PREGNANCY. 

Celltjlar Changes Produced in Guinea Pigs by Extracts of 
“Leukemic” Placenta 

LOWELL A. ERF, M.D. 

From the Charlotte Drake Cardeza Foundation, Jefferson Medical College Hospital, 

Philadelphia, Pennsylvania 

• The purpose of this paper is to report: (1) an additional case of chronic ni 3 ’-eloid 
leukemia complicated by pregnancy; (2) the completion of a case of m 5 ^eloid 
leukemia previously reported;^ (3) an additional case of Ij'mphosarcoma com- 
plicated by pregnancy; and (4) the cellular changes found in the organs of 
guinea pigs injected with lipid- extracts obtained from a normal placenta and 
from the placenta of a patient witii chronic myeloid leukemia, 

REPORT OF CASES 

Case 1. Myeloid leukemia eomplicated by pregnancy 

Clinical data. A 25 year old white housewife was referred to Jefferson Hospital by Dr. 
Oscar Wood on September 20, 1944, because of splenomegaly, fatigue and bleeding from the 
gums. The patient had noted a mass in the region of the spleen a year previousb', but be- 
cause it was not associated with sjmiploms she had not consulted a phj'sician. The patient 
had two children, aged 2 and 4 years, respectively. The patient ’s father had died at the age 
of 54 of pernicious anemia. The patient was a slight, dark-haired, pale individual weighing 
about 120 pounds. There were small clots of blood at several points on the margins of the 
gums. There was slight generalized lymphadenopathy. The inferior hepatic edge could 
be felt 1 inch, and the splenic edge 2 inches, below their respective costal margins. 

Laboratory findings were as follows: hemoglobin, 60 per cent (IClett); erjdhrocjdes, 

3.100.000 per cu. mm.; platelets, 200,000; leukocytes, 190,000; differential count in per cent: 
pob’morphonuclears, 55; metamj'elocytes, 32; myelocytes, 7; basophils, 3; lymphocytes, 3; 
prothrombin time 35 per cent of normal; basal metabolic rate, plus 17 per cent; blood uric 
acid, 4.8 mg. per 100 cc. X-ray therapj' was directed to the adrenal glands. From October 
6, to October 14, 1944, she received a total of 400 r. 

Course. -Menstruation did not occur during the month of .January 1945. In March 1945, 
a positive Friedman test was obtained. It was believed that the patient should have been 
aborted, but she refused. By March 1945, the white blood cell count had dropjJed to 20,000 
but in May 1945. it had risen to 80,000. Fowler’s solution was started then because of the 
danger of e.xposing the fetus to x-ray irradiation. The leukocytic level remained below 

100.000 until September 1945, when it rose to 172,000 and was asssociated with 20 per cent 
myeloblasts in the differential count. During October 1945, the ninth month of pregnancy, 
the white blood cell count rose to about 400,000 despite the continuous use of Fowler’s 
solution. During the first twenty-eight days of October the patient received fifteen blood 
transfusions (500 cc. each) . On October 29, the patient was delivered by Dr. J. Iv Lynch of 
a 6 pound, 6 ounce normal boy. .\ differential leukocyte count of the cord blood revealed 
the following percentages of cells: i)olymorphonucleurs, 55; eosinophils, 5; lymphocytes, 38; 
monocytes, 2 along with 28 per cent normoblasts. Blood count of the baby revealed the 
following: hemoglobin. 105 per cent ; ciythrocytes, 4,500,000 per cu. mm.; leukocytes, 19,850 

* Received for j)ublication. .lanuary 4, 1947. 
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per cu. mm.; differential count in per cent: polymorphonuclears, 66; eosinophils, 3; baso- 
phils. 1; lymphocj'tes. 2.5; monocytes, 5; (normoblasts, 2) . During the two weeks'th’e baby 
remained in the hospital, five complete blood counts were made and the findings in all of 



Fig. 1. Leukemic Ikfiltratioxs of Skik, C.ase 1. 


them were within the limits of normal . The placenta weighed 550 gm. and, on section, was 
histologically essentialh- normal except for some slight infiltration of the maternal lacunas 
with mj'eloc.ytes. The uterus was packed with gauze, soaked in thromboplastin, fibrinogen 
and adrenalin and the cervix sewed because of profuse uterine bleeding. During the first 
seven hours following deliverv-, the patient received intravenousl 3 ' seven pints of blood. 
Despite the transfusions and the cessation of bleeding, the blood findings on the next morn- 
ing were as follows: hemoglobin, 39 per cent; erythrocytes, 1,700,000 per cu. mm.; leuko- 
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cytes, 169,000 per cu. mm. ; differential count in per cent: polymorphonuclears, 27; metamye- 
locytes, 17 ; myelocytes, 19; blasts, 26; lymphocytes, 5; monocytes, 6. The uterine pack was 
removed November 1, 1945 and no bleeding followed. The white blood cell count rose to 
400,000 by November 12, when 5 millicuries of radiophosphorus was injected intravenously. 
The leukocyte count gradually decreased to 70,000 by December 5, 1945. The patient 
developed some uterine bleeding (platelets 130,000) and radium (2400 mg. hr.) was applied 
to the uterine cavity and several transfusions were administered. On December 22, 1945, 
the patient developed leukemids over the entire body and the breasts became stony hard 
(Fig. 1). The leukemids were purplish in color, were elevated and many of them each 
measured about 1 cm. in diameter. 

The patient was readmitted to hospital January 14, 1946 complaining of bleeding gums, 
tender, hard breasts, “purple spots” in the skin, and partial blindness of the left eye. Phys- 
ical examination revealed large retinal hemorrhages in both eyes, bilateral subconjunctival 
hemorrhages, generalized lymphadenopathy, leukemids in most of the skin of the body, 
and the spleen was palpable 4^ inchns below the left costal margin. 

Laboratory findings were as follows: hemoglobin, 37 per cent; erythrocj'tes, 1,680,000 per 
cu. mm. ; platelets, 170,000; leukocytes, 284,000 per cu. mm.; differential counts in per cent: 
polymorphonuclears, 26; metamyelocytes, 19; myelocytes, 21; blasts, 25; lymphocytes, 7; 
and monocytes, 2; urea clearance, 42 per cent of normal; blood proteins, albumin 4.2 gm. 
and globulin, 1.3 gm. per 100 cc. 

Course. The daily peak of temperature ranged from 102 F. to 104 F. Transfusions were 
given three times a week. The white blood cell count rose to nearly 600,000 per cu. mm, 
before the patient expired on March 5, 1946. During the last year of her life, she had re- 
ceived fifty-two transfusions. 

Post mortem. The autopsy findings were typical of myeloid leukemia. Hemorrhages 
were observed in the sclera and in the skin of the chest and abdomen. The left pleural 
cavity contained 2000 cc. of straw-colored fluid. All organs appeared infiltrated. The 
spleen weighed 950 gm. and the liver 2460 gm. The uterus was normal in shape and size. 
The lungs were congested and edematous. The histologic findings follow: myeloid cell 
infiltration of nearly all organs and tissues; extensive and marked infiltration of the skin; 
fibrosis and infiltration of the breast; considerable infiltration of ovaries and uterus; pul- 
monary congestion and edema. 

Cellular Changes in Guinea Pigs Following Injection of Extract op 

“Leukbahc” Placenta 

As stated above, the placenta of Case 1 was delivered October 29, 1945’ 
weighed 550 gm, and, histologically, was essentially normal except for slight 
leukemic infiltration and for a few myelocytes in the maternal lacunas. It 
was ground up and mixed with 3 liters of methyl alcohol acidified by hydro- 
chloric acid and allowed to stand overnight. A normal placenta (Mom), 
which weighed 850 gm., was obtained the followng day and it, too, was extracted 
identically -with acidified wood alcohol. The alcoholic extract of the normal 
placenta and that of the placenta of Case 1 were treated identically as follou’s. 
The alcoholic extract was filtered and then extracted with petroleum ether. 
The ether extract was extracted by an alcoholic solution of potassium hydroxide 
(300 gm. potassium hydroxide in 1000 cc. methanol). To this extract was 
added hydrochloric acid until acid to Congo red paper. The solution was then 
extracted wth ethyl ether. The ether was evaporated and 0.4 gm. of a dark 
brovm oily highly odorous material was thereby ultimately obtained from the 
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placenta of Case 1 and 0.3 gm. of a similar appearing .substance ivas obtained 
after the normal placenta was so treated.^® 

One-tenth gm. of the extract of the leukemic placenta was injected subcu- 
taneously into each of two guinea pigs=' and the injections were repeated a 
week later. The extract of the normal placenta was likewise similarlj' injected. 
All four guinea pigs ivere sacrificed throe weeks after the second injections 
were administered and all organs were studied histologically.^'’ The organs 
of both guinea pigs receiving the extract of the normal placenta were normal; 
but of the two animals receiving the e.xtract of the leukemic placenta, one had 
slight myeloid infiltrations in the liver and kidneys, while the other had signih- 



Fig. 2. Mykloid Cei.c Inkiltf.atiox ok Liver ok Gui.vea Pig That E.ecei%'ed 
IxjEcrioxs OK Lino Extracts ok the Peace.vta of P.atiext with 
Chroxic Myeloid Leukemia, Case 1. 

cant mj^eloid cell infiltrations in the liver (Fig. 2), the kidneys and spleen, and 
the marrow was hyperplastic. These findings indicate that although the placenta 
of Case 1 was histologically not markedb’- leukemic the potentialities of experi- 
mentall 3 '^ producing a “myeloid reaction”-® were still present. 

In October 1946, the male child bom of Case 1, on October 29, 1945, was alive 
and well. 

Case 2. Myeloid lev-hemia complicated by two pregnancies 

Clinical data. This case was first reported* in 1944 after the leukemic patient delivered 
her first child, but is mentioned again to relate the fatal outcome of the patient and her two 
offspring. The patient, 22 3 'ears old, was first seen Dr. H. M. Angelucci, in December 
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1942, at which time she liad been pregnant for two months. In June 1943, when the white 
blood cell count was'126,000, the patient received x-ray therapy directed to the anterior 
and posterior aspects of the thighs and chest. In July, a 7 pound, 2 ounce hydrocephalic 
male infant was delivered. In July and August of 1943, the patient received .x-ra 3 ’^ therap}' 
directed towards the spleen and femurs. The patient became pregnant the second time in 
January’ 1944. During the pregnancy the leukocytes rose to 400,000 per cu. mm. and the 
patient received additional x-raj'' therapy directed to the spleen and long bones. Dr. 
Angelucci delivered the second baby in September 1944. The postpartum course was com- 
plicated bj' miieh bleeding and by poor healing of the perineum. The patient was sterilized 
bj' ten x-ray treatments to the ovaries in December 1944. On March 2S, 1945, the patient 
was admitted to Jefferson Hospital complaining of weakness, nausea and vomiting, loss of 
SO pounds of weight during the preceding ninetj'^ daj's and nonproductive cough of thirtj^ 
days’ duration. On phj'sical examination, the patient was pale, slightlj’ jaundiced, emaci- 
ated and dark comple.\ioned. Cold beads of perspiration were present on her forehead and 
she coughed intermittentlj' and nonproductivelj'. The temperature was 103 F., the pulse 
rate 120 and the respiratory rate 26. A soft blowing sj’stolic murmur was heard over the 
mitral area. The spleen was hard and extremeij' large, the inferior tip extending into the 
pelvis. The liver was palpable 2 inches below the right costal margin. There were small 
hemorrhoids present. Laboratorj^ findings were as follows: hemoglobin, 26 per cent; 
erj’throcj'tes, 1,320,000 per cu. mm.; platelets, 38,000 per cu. mm.; leukocj’’tes, 116,000 per 
cu. mm.j differential count in per cent: polj'morphonuclears, 11; metam 3 'eloc.vtes, 20; 
m 3 ’eloc 3 ’tes, 23; blasts, 16; basophils, 15; basophilic myeloc 3 'tes, 12; and lymphoc 3 'tes, 3; bili- 
rubin, 4.3 mg. per 100 cc. 

Course. In spite of-transfusions, liver extract and penicillin for inflamed phar 3 mx, the 
fever persisted, the blood findings changed little and the patient died May 26, 1945. 

Post mortem. The anatomic findings were t 3 ’pical of leukemia. The spleen weighed 
3940 gm. and had man 3 ' infarcts and perisplenic adhesions. The liver weighed 4600 gm. 
The gallbladder was distended and contained several stones. There were also bilateral 
h 3 'drothorax, atelectasis of the lungs and an infarct of the right upper lobe. The histologic 
findings were : m 3 ’eloid cell infiltration of nearl 3 - all the organs; extramedullary m 3 ’elopoietic 
foci in sinusoids of the liver; bronchopneumonia; and venous congestion in the lungs. 

OffsTpring of Case 2 

The first child, born Juh' 21, 1943, was admitted to Jefferson Hospital, Jul 3 ' 15, 1945, 
with the complaint of irregular continuous fever since birth. The fever seemed to be re- 
lated to the room temperature according to caretakers, who also informed us that the 
parents had been first cousins. On ph 3 'sical e.xamination, the boy had a large h 3 'drocephalic 
head, but otherwise seemed fairl 3 '’ well developed. A bruit was heard over the left carotid 
arter 3 '. 

Laboratonj findings. Hemoglobin was 61 per cent; er34hroc34es, 4,080,000 per cu. mm.; 
platelets, 160,000 per cu. mm.; leukoc34es, 7,900 per cu. mm.; differential count in per cent: 
pol 3 'morphonuclears, 33; eosinophils, 1; l 3 'mphoc 3 ’-t.es, 60; and monoc34es, 6. The sternal 
marrow findings were essentiall 3 ’- normal. The cerebrospinal fluid was clear and under 
75 mm. of water pressure. Tests revealed chlorides, 781 mg.; proteins, 120 mg.; Wassermann, 
negative. There were 6 leukoc 3 ’tes per cu. mm. X-ra 3 ' studies of the long bones were nor- 
mal. The patient’s mental age was much below normal. 

Course. There was a spiking fever that reached 102 F. daily. There was a definite cor- 
relation between the room temperature and the patient’s bod 3 ' temperature, .^n attempt 
was made to obtain an arteriogram of the internal carotid tree. The patient died two da 3 ’s 
later, on September 5, 1945. 

Post mortem. The anatomic diagnoses were h 3 'drocephalus, pulmonar 3 ’’ edema and con- 
gestion. The brain weighed 1300 gm. The convolutions were flattened and the sulci oblit- 
erated. The spleen weighed 60 gm. and the liver 440 gm. The histologic diagnoses were: 
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immature development of the cortex of the brain and congestion of the brain, lungs, kidnej's 
and spleen. ’ 

The second child, as noted above, rvas born in September 1944 in Women’s Hospital. 
Five daj's after birth, the child’s temperature rose to 107 F, and on the sixth day to 110 F, 
An autopsy tvas performed by Dr. B. Meine who felt that the child might have had to.xoplas- 
mosis. 

Both of the offspring of the patient in Case 2 apparently had some disturbance of their 
thermal centers. Were these disturbances due to the .x-i eradiation received by the mother? 
The placentas were unfortunately not examined histologically. 

Case 3. Lymphosarcoma complicated by pregnancy 

Clinical data. A 34 year old colored housewife was referred to the Elizabeth Storck 
Kraemer Foundation, Jefferson Medical Hospital, April 22, 1942, as an out-patient because 
of an enlarged left cer\’ieal h’raph node of two months’ duration, which on biopsy was re- 
ported as typical of Hodgkin’s disease. The patient also complained of generalized itching. 
Phj'sical examination was essenliali 5 ' negative except for the enlarged left ceridcal node 
which measured about 3 cm. in diameter. .All of the laboratory' findings were negative e.x- 
cept for x-ray evidence of enlarged mediastinal nodes. 

Course. The patient received a total of 4000 r. of x-radiation directed to neck and chest 
during the months of May, .August and December 1942; in .April and -August of 1943, she 
received an additional 3000 r. Dr. V*'. H. Kraemer examined the patient in August 1943 
and found evidence that she was pregnant. -A positive Friedman test was obtained in Sep- 
tember, On November 24, during the fifth month of pregnancy, a hysterotomy was per- 
formed on the patient in the Philadelphia Lying-In Hospital, Neither the fetus nor pla- 
centa were studied histologically. On January 14, 1944, the patient entered Pennsylvania 
Hospital in a moribund state. Physical e.xamination revealed an e.xtreraely emaciated 
dyspneic 36 year old Negress with a blood pressure of 70/50. The spleen extended 2 inches 
and the liver 4 inches below the costal margin. Laboratory findings were: hemoglobin. 71 
per cent; erythrocytes, 3,200,000 per cu. mm.; leukocytes, 13,000 per cu. mm.; differential, 
normal. The patient died on the third day after admission. 

Post mortem. The anatomic findings were: extensive lymphosarcoma of mediastinum 
which involved the periaortic lymph nodes and extended into the right lower lobe of the 
lung, and by following the portal vein, into the liver and pancreas. The spleen was enlarged 
and the bone marrow hypoplastic. Histologically, the tumor was a “collection of atypical 
whorls of spindle-shaped cells with bizarre-shaped and hyperchromatic nuclei which were 
associated with much reticulum.’’ 

The case began as Hodgkin’s disease but ended as h-mphosarcoma. This change or shift 
from Hodgkin’s disease to lymphosarcoma, or vice versa, has iieen fully discussed else- 
where.'*^ 


DISCUSSION 

;Many hematologic dyscrasias have been complicated by pregnancy,*’ poly- 
cythemia,® aplastic anemia,- purpura”- and sickle cell anemia.^® One 
hundred cases of leukemia complicated by pregnancy*-- ” have been 
reported (Table 1). By slightly modifxing the interpretations and data of 
.some of the authors one may reach some rather practical, although rough, 
conclusions. There v.-ere 87 cases of mj^eloid leukemia (24 acute and 63 chronic) 
and 1-3 cases of bymphoid leukemia (10 acute and 3 chronic). Of the 34 acute 
cases, all died either before delivery or within less than three months after 
deliven", while of the 66 chronic cases, 43 survived more than one year after 
deliver>\ The chronic types of leukemia complicated by pregnancy are more 



A List of Authors Reporting Cases of Leukemia Complicated by Pregnancy, as Listed by Forkner,*** ” Grier,’* McGoldrick** and 
Erp,8.i, 41 In Reports Where There are More Than One Author, Only the Name op the First is Listed for Sake of 
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frequently of the myeloid type, (It has been stated that the ovaries are not 
as intensely infiltrated in myeloid leukemia as in lymphoid leukemia.) Ex- 
cluding abortions and maternal deaths before deliverjq less than 50 per cent 
of the babies will be normal in cases of acute leukemia, but nearly 75 per cent 
of the babies will be normal in cases of chronic leukemia (Table 2) . The evidence 
indicates that the course of leukemia is not altered bj' pregnancy; that in acute 
leukemia, abortions are not indicated because of the acute course of the leukemic 
process; that in chronic leukemia, abortions are not indicated because of the 
high percentage of normal offspring. There has been no report of a leukemic 
newborn delivered of a leukemic mother, although there have been re- 
ports®’ of leukemic newborns delivered of hematologically nonnal 

mothers. The placentas are normal*® in the latter. Pregnant leukemic mice 
deliver normal young.® There is ho consistent evidence that pregnane}’" increases 
the activity of leukemia, lymphosarcoma or Hodgkin’s disease, or that, in these 
diseases, it hastens the death of the mother. 


TABLE 2 

Analysis of Births from iVIothers with Acute axd Chromc Types of Leukemia 



ABORTIONS (both 
INDUCED AND | 

spontaneous) and 

TETAL DEATH DUE 
TO MATERNAL 
DEATH 

STILLBIRTHS 1 

BABIES THAT 
LIVED LESS THAN | 
2 \r.ARS j 

NORMAL BABIES 

Mothers with acute leukemia... 

12 

12 


9 

Mothers with chronic leukemia. . 

17 

7 

5 

37 


29 

19 

5 

46 


The cause of leukemia is unknown. The theoretical mechanism that seems 
most logical at present is that proposed by F. R. Miller.®® - He implies that 
acute leukemia is due to a lack of a specific maturation factor. Cooke has a 
similar theor 3 ^^ '\^ruses and bacteria have frequenti}’’ been implicated as 
causes, but as yet leukemia has never been transmitted in human beings.*" 
It is possible, however, that intestinal bacteria could supply the maturation 
factor needed. Except for the lymphemic aspects of some malignant processes, 
as l 5 Tnphosarcoma, leukemia is not cancerous. And although there is a rare 
familial instance,® - **- *®- ®® leukemia is not inherited. Some of the other causes 
of leukemia that have been presented are abnormal hormones (adrenal hypo- 
activity increases Ijmiphopoiesis'- **), cosmic rays, hypofunction of the spleen 
and emotional excesses. 

Because the causes of leukemia are unknown, there are man}’- types of treat- 
ment. Fowler’s solution, which contains arsenic, is probably an enz}’me inhib- 
itor and has been used in cases of leukemia complicated by pregnancy because 
of the rather large margin of safety offered the fetus. There is much evidence 
that x-radiation directed toward the pelvis can be harmful to the fetus; possibl}' 
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the two offspring of Case 2 M'ere injured x-radiation. X-radiation directed 
towards areas other than the pelvis and abdomen, probabl}' would not harm the 
fetus. In Case 1, before pregnancy occurred, x-radiation was directed toward 
the adrenal glands in an endeavor to reduce their function so that more Ijmpho- 
cytes might be released.®*^ So far, radiophosphorus’’^ has been used thrice* in 
leukemia complicated by pregnancy. Because it emits beta rays it probably 
is less dangerous to the fetus than x-raj*^. It does not alter ovulation because 
a patient with polj’-cj’themia,® who desired pregnanc}’^ greatly, became pregnant 
about two months after the intravenous administration of 5 millicuries of radio- 
phosphorus (P^-). The administration of large amounts of yeast seems to have 
a place in the treatment of leukemia because j’^east neutralizes, or aids in the 
conjugation of, the substances stimulating the white cells to abnormal gi-owth. 
Urethane^®' and nitrogen mustards^ have not been used extensive^' enough 
in leukemia to draw definite conclusions. 

The histologic findings in placentas from mothers with leukemia and from 
mothei'S with leukemic newborn babies are rarel3’’ discussed. In instances 
of the former, the placentas examined have rareh' been infiltrated with leukemic 
cells but some immature cells have been obser^’^ed in the maternal lacunas.’^ 
Apparentljr in instances of congenital leukemia, the placentas are normal.’^ 
It would seem, therefore, that the placenta is a distinct barrier to leukemia, 
and without regard to the side of the placenta on which the leukemia exists. 

There are several reports of cases of Hodgkin’s disease complicated bi’^ preg- 
nancy 1^* 23. 24,40 reports of lymphosarcoma.^^’®’ The biopsj’ of the 

cendcal node of the patient of Case 3, in April 1942, was typical of Hodgkin’s 
disease, but at death, in .Tanuarj^ 1944, the lesions were t3Tiical of l3Tnphosarcoma. 
Herbut, Miller and Erf^® have seen such changes frequenth’- and believe that 
the changes are due to var3dng amounts of l3Tnphokentric and m3'elokentric 
acids circulating in the bod3^®® 


SUM^LARY 

An additional case of chronic m3'eloid leukemia complicated by pregnanc3* 
is reported. The patient had received 52 transfusions during the last 3"ear of 
her life. A photograph of leukemids and the autopsv* findings are presented. 

A second case of chronic ra3"eloid leukemia, pre^dousb' reported, is com- 
pleted. The autops3’^ findings of the mother and two offspring are discussed. 
The parents had been first cousins. Both children died apparenth^ of disturb- 
ances of the thermal center, possibh' brought on b3^ x-radiation of the mother 
during pregnanc3^ 

A brief anah'sis of 100 cases of leukemia complicated b3* pregnanc3' is pre- 
sented. There were 87 cases of ni3'eloid leukemia (24 acute, 63 chronic) and 13 
cases of honphoid leukemia (10 acute, 3 chronic). Less than 50 per cent of 
babies of mothers vith acute leukemia are normal, while 75 per cent of babies 
whose mothers have chronic leukemia are normal. 


* See first footnote to Table 1. 
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An additional instance is reported of l3^niphosarcoina complicated preg- 
nancy. In this case, the findings at biopsy Avere those of Hodgkin’s disease and 
at autopsj'^, those of lymphosarcoma. 

Lipid extracts of a normal placenta and of one obtained from a patient with 
chronic myeloid leukemia were injected into two guinea pigs. A photograph 
is presented Avhich shows myeloid cell infiltration of the liver of a guinea pig 
which had been injected AA'ith the extract of the “leukemic” placenta. 

CONCLUSIONS 

The course of leukemia is not altered by pregnancjL Foivler’s solution, trans- 
fusions and brewer’s yeast ai-e still probably the best therapeutic agents in 
leukemia complicated by pregnanc3\ X-radiation directed even close to the 
abdomen is probably dangerous to the fetus. 

The placenta from a patient with chronic myeloid leukemia showed slight 
infiltration Avith myeloid cells. A lipid extract of this placenta, injected into 
tAvo guinea pigs, produced myeloid cell infiltrations in the organs, AA'hile 
injection of a similar extract of a normal placenta produced no abnormal 
cellular infiltrations in the organs of tAA'o control animals. 

The placenta is a complete barrier to leukemia, AA'hether the leukemia is 
in the mother or in the fetus. 

Acknowledgments. I wish to thank Dr. Franklin R. Miller and Dr. Daniel L. Turner for 
valuable assistance. 
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A KOKINFUSION BLOOD AGAR BASE FOR NEISSERIAE, 
PNEUIMOCOCCI AND STREPTOCOCCP 
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Base Hospital No. 8, Navy 128 

Blood agar is the most important' culture medium in the clinical laborator 3 % 
It is especiallj' valuable for the detection of pathogenic cocci, man}' of which ha\'e 
the ability to tyse or discolor blood, and for the detection of organisms pos- 
sessing fastidious growth requirements. When heated in the basic medium, 
chocolate agar is obtained. This is emplo.ved extensive!}' for the isolation and 
cultivation of Hetnophihts influenzae and Neisserioe gonorrhoeae. IWiile fresh 
meat infusion has been generally considered best suited as a base for these 
mediums, the inconvenience and time involved in its preparation make a more 
simply prepared medium desirable. The purposes of the studies described herein 
were first, to find a dehydrated base to supplant the fresh meat infusion base, 
and second, to develop a single blood agar medium which would possess the 
properties of both unheated and heated (chocolate) blood agars. Such a medium 
would lessen considerably the time and effort spent in the preparation 
of mediums, ensure use of the appropriate medium and improve detection of 
unsuspected pathogens. 

In the development of such a mediunr, one must consider not only the ability 
to support growth of fastidious organisms, but also the maintenance of t}'pical 
colony morph olog}’ and the production of hemolysis and of green coloration. 
Improvement of the reliability of surface inoculation, as compared with the cum- 
bersome pour and streak-pour methods for the detection of alpha- and beta- 
hemolytic and gamma streptococci, is important. Although the value of the 
pour or .streak-pour blood agar plate for the detection of some of the Lancefield 
serologic groups of streptococci has been established,^’ - > the studies by Pike^- 
showed no definite advantage for streak-pour plates over streaked plates for 
the detection of hemolytic streptococci when infusion agar containing human 
blood was employed. 

I. DEVELOP.MEXT OF DEHYDR.VTED B.\SE FOR BLOOD .4.GAR TO REPL.\CE 

FRESH MEAT IN'FUSIOX 

Wright ’s“ base containing fresh beef infusion was used as a standard for 
comparison. Glucose was omitted from the medium because of its interference 
with hemolysis by beta streptococci. Of several peptones (Bacto-Peptone, 
Bacto-Neopeptone, Bacto-Proteose Peptone, Bacto-Proteose Peptone No.- 3, 

* The opinions or aEsertion.s contained herein are those of the author and are not to be 
construed as official or reflecting the -vdews of the Navy Department or the Na-ra! Service 
at large. Ileceived for publication. December 19, 1946. 

t Present address: Food and Drug Administration, Federal Security .Agency, Wash- 
ington, D. C. 
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Bacto-Tryptose, Armour’s Peptonum Siccum and a pancreatic digest of casein), 
Bacto-Neopeptone proved to be best suited for inclusion in this base, when test 
organisms including several strains of alpha- and beta-hemolj'^tic and gamma 
streptococci, Diplococcus pneumoniae, Brucella abortus, Neisseria gonorrhoeas, 
Hemophilus influenzae and Corynebaclerium diphlheriae were streaked on the 
completed blood agar medium (5 per cent human blood) and the amount and 
type of growth noted after eighteen to twenty-four houre’ incubation at 37 C. 
The medium was markedly superior to anj”- of the available deh}"drated blood 
agar bases. 

In the search for a suitable bass prepared from dehydrated materials, it was 
found that a medium consisting of 2 per cent Bacto-Tryptose, 0.3 per cent beef 
extract, 0.5 per cent sodium chloride, 1.5 per cent agar and 0.03 per cent glucose 

TABLE 1 


Effect of Glucose a.vd Atmosphere ox Growth and He.molvsis* 


INCUBATION IN 

' MEDIUif 

TER CENT GLU- I 
COSE 1 

PNEUMOCOCCUS 
TYPE I 

1 

^-DIPLOCOCCUS 

y-DIPLOCOCCUS 

jS-5TREPTOCOC- 

CUS 

Air 

Tryp 

0.0 

1 

0.5b 

I-pO j 



Tryp 

0.03 

1 

le 

2 

2a 


Inf 

0.0 

1.5 

0 

1.5 ! 


Candle jar 

Tryp 

0.0 

2 

2b 

3 



Tryp 

0.03 

3 

I 2.5b 

4 

i 4b 


Inf 

0.0 i 

3 

1 2b 

3 

1 


* Growth: 0, none; 1, trace; 2, definite; 3, good; 4, excellent. Hemolysis: a, alpha; b, 
beta; g, gamma. 

Tryp: 2 per cent Trj'ptosc, 0.3 per cent beef extraet, 0.5 per cent sodium chloride, 1.5 
per cent agar, 0.005 per cent p-amino benzoic acid, pH 7.2. 

Inf: beef heart infusion, 1.0 per cent Neopeptonc, 0.5 per cent sodium chloride, 1.5 
per cent agar, 0.005 per cent p-amino benzoic acid, pH 7.3. 

Incubation for 24 hours at 37 C. 

equaled the fresh beef infusion base uu’th re.spect to the support of growth of the 
test organisms. The small amount of glucose, however, interfered with hemol- 
ysis, resulting in the production of a green coloration with some beta-hemolytic 
streptococci of Lanccfield’s Group A. This effect was also noted with dextrin 
but not with gb'cogen. 

Upon increasing the carbon dio.xide content of the atmosphere during incuba- 
tion, the interference with hemolysis bj" small amounts of glucose was not 
e^udont. Comparison of the mediums Avas therefore made using both ordinary 
aerobic incubation and incubation in a candle jar. The latter type of incubation 
not onl}' faA'ored hemolysis but greatl}’^ improA’ed the groAvth of all of the test 
organisms except H. inflrienzae. This organism appeared not to be influenced 
b}' the altered tj'pe of atmosphere used during incubation. The adA-antages 
of incubation in a candle jar are illustrated in Table 1. An 3 " container that 
can be made air-tight and possesses an opening sufficiently large to admit a 
petri dish maj- be used. 
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It k evident from Table 1 that 0.03 per cent glucose increases the grovth 
of the test organisms appreciabh' and that the use of the candle jar further 
enhances growth and permits the detection of the hemolysis that is obscured 
by the presence of glucose under ordinary' aerobic incubation. 

Extensive comparative studies with respect to the support of growth of pure 
cultures and the primarj' isolation of the organisms encountered in the diagnostic 
laboratory, revealed the dehydrated medium (Table 1) enriched with 0.03 
per cent gluco.se to be at least equal to the fresh meat infusion base when incuba- 
tion in a candle jar was employed.’ 

If. EXDOW.MEXT OF BLOOD AGAR WITH THE GROWTH-SUPPORTING 
PROPERTIES OF CHOCOLATE AGAR 

Attention was next directed to the development of a blood agar having the 
qualities of both blood and chocolate agar. An attempt was made to prepare 
a combined blood and chocolate agar by adding o per cent blood to chocolate 
agar which had been cleared of coagulated blood by centrifuging. It was found, 
however, that while cleared chocolate agar supported the growth of H. influenzae 
and N. gonorrhoeas very well, the further addition of unheated blood residted 
in an improved growth of the Gonococcus but an unaccountable inhibition of 
the growth of H. influenzae. This inhibition was found to be due to the removal 
of the coenzyme (V factor) by the nucleotidase of the eiAdhroc 3 'te. A retarding 
of this destniction of the coenz\Tne was obtained Iw adding 0.1 per cent nia- 
cinamide (nicotinamide) to the medium, but the niacinamide was unable to 
exert continued ^'-sparing acthitj* at 37 C. and, in addition, inhibited the growth 
of a few- strains of N. gonorrhoeae. The maximum amount of niacinamide that 
would not inliibit the.se strains was found to be approximateh* 0.005 per cent. 
With this amount, the growth of H. influenzae although slightly improved, 
w’as the same on both the ordinar}' blood agar and the combined blood and 
chocolate agar.^ 

With respect to the gi-owth of the Gonococcus, it was found that growth was 
slighth' improved Iw substituting some of the Bacto-TiA'ptose with Bacto- 
Proteose Peptone Xo. 3 and that combined blood and chocolate agar prepared 
as indicated above, M*as at least as efficient as the mediums that have been 
developed expressh’" for the isolation of this organism. 

Although this combined blood and chocolate agar was found to be a suitable 
single .substitute for both blood agar and chocolate agar made from fresh meat 
infusion, its preparation involved a cumbersome procedure, the centrifuging 
of the chocolate blood agar. Attempts were made, therefore, to eliminate this 
step by adding each of the following to the basic medium in addition to the usual 
5 per cent blood: x^east extract, blood digests, lysed blood, corn starch and-' the 
supernatant from centrifuged heated blood (85 to 90 C. for fix'e minutes). 

\WieD added to the medium in one per cent concentration, .veast extract* 
failed to enliance sufficiently the ability of the blood agar to support the growth 


* Prepared by Difeo for the enrichment of Hemoglobin-Proteose Xo. 3 .A.gar. 
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of fastidious strains of N. gonorrhoeae. The amount of hemolysis produced 
by some strains of beta-hemol3>-tic streptococci was diminished and Avith some 
of these strains an alpha hemolysis was actually obtained. The characteristic 
morphologj'- of a strain of Pneumococcus Avas markedlj^ altered. 

The addition of blood digested Avith pepsin/ pancreatin and papain Avas 
also unsatisfactory in that there AA’as little if any stimulation of the groAvth of 
N. gonorrhoeae. 

By adding 0.25 per cent Ij’^sed (frozen and thaAved) blood and 0.1 per cent 
Argo corn starch to the basic agar, it Avas' possible to obtain good groAA-th of 
the Gonococcus Avith only slight interference AAuth the production of hemolysis. 
Starch in 0.1 per cent concentration appeared to neutralize the inhibition of 
hemolysis by the lysed blood and to aid in the enhancement of the growth of 
the Gonococcus. When increased to 0.15 per cent, some interference with hemol- 
ysis by a feAA' strains occurred. The resulting medium, hoAA^ever, did not giA^e 
consistentl 3 ’- as good results as did the combined blood and chocolate agar. 

The addition of 10 per cent of the supernatants from centi'ifuged 35 per cent 
suspensions of chocolate (85 to 90 C.) blood or erythrocytes in water, saline 
or broth to the blood agar did not appreciably improAm the ability of the medium 
to support the groAvth of the Gonococcus. 

In AdeAA’- of the failure to enliance the groAvth of the Gonococcus by enrichment 
AA'ith supernatants from centrifuged suspensions of chocolate blood, it Avas felt 
that the beneficial results obtained in the chocolating procedure might be due 
to factors other than enrichment AAuth blood extractiA'-es. The favorable effect 
of certain carbon preparations on the growth of the Gonococcus® and the sug- 
gestion by Gould, Kane and Mueller’® that corn starch adsorbed groAVth-inhibi- 
tory substances from agar indicated that in chocolating blood a similar adsorptiA^e 
process might be functioning. 

Attempts AA'ere therefore made to purif 3 '- tAvo different agar products by 
adsorption AA'ith 1.0 per cent Merck’s activated charcoal and then AA’-ashing. 
Adsorption of the hydrated agars AAuth charcoal had little effect on the groAvth 
of the Gonococcus, but subsequent AA'ashing of these agars AAoth distilled AA’ater 
did result in marked stimulation of the groAvth of this organism. The results 
obtained on ordinar3’- blood agar plates prepared AA'ith the AA'ashed agars Avere 
onh^ slight^ inferior to those obtained AAuth the combmed blood and chocolate 
agar. 

Using unh 3 ^drated granular Bacto-Agar, the effect of thorough AA'ashiug Avith 
distilled AA’ater Avas next investigated. Thirt3’- gm. of the fineb'’ granular agar 
AA'ere suspended in four liters of distilled AA'ater. The suspension AA'as kept in 
the refrigerator and stirred tAA’o or three times dail3' and the water reneAA'ed 
ever 3 ^ day for fiA’-e da 3 ’’s. The agar AA'as then dried at 90 to 95 C. and 1.5 per 
cent added to the basic broth. UnAA'ashed agar AA'as used as a control and Iaa’o 
kinds of blood agar AA'ere prepared from each base, ordinary blood agar and 
combined blood and chocolate agar. The test organisms AA'ere tAvo especially 
fastidious strains of N. gonorrhoeae and three beta-hemobdic streptococci selected 
because of their tendenc 3 " to produce alpha hemob'-sis. The results obtained 
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after twenty-three hours of incubation in a candle jar are presented in Table 2. 
It is evident that the Gonococcus-inhibiting factors may be removed from finely 
ground agar simply by thorough washing with distilled water. This procedure, 
however, results in a slightlj’ lessened amount of growth of the streptococci. 

Since chemical anah'sis of the agar washings revealed the presence of an 
appreciable amount of reducing sugar, the effect of adding a small amount of 
glucose was studied. increasing the concentration of glucose to 0.05 per 
cent and with a starch content of 0.1 per cent, the gi-owth of the Streptococcus 
was restored with no inliibition of beta hemoh'sis and the medium remained 
free of the Gonococcus-inhibiting factor. In the preparation of this medium 
it was noted that the addition of 0.04 per cent h^sed blood further stimulated, 
to. a very slight extent, the grovdh of some strains of jV. gonorrhoeae. Appre- 
ciabty larger amounts of lysed blood interfered with the production of beta hemo- 
lysis. 


TABLE 2 

Thk Effeci' of Washed Graxulah Agar ox Growth and HEMOLysis* 


\GAR 

i!EDIUiT 

! GONOCOCCUS 
1007 

GONOCOCCUS 

1030 

STREPTOCOCCUS 

501 



Untreated 

Blood 

i 

0 

0.25 

3b 

3b 

2.5-fb 

Untreated 

Combined 

1 .5 

0.75 

3b 

2b 

2.5-fb 

Washed 

Blood 

1-5 

0.75 

1 2b 

2b 

2b 

Washed 

Combined 

1 .5 

0.75 

1.5b 

1 .5b 

2., 5b 


* Growth: 0, none; 1, trace.; 2, definite; 3, good; 4, excellent. Hemolysis: a, alpha; b, 
beta; g, gamma. 

Basic broth: 1.0 per cent Proteose Peptone No. 3, 1.0 per cent Tryptose, 0.3 per cent 
beef extract. 0.00.5 per cent niacinamide, 0.005 per cent p-amino benzoic acid, 0.03 per cent 
glucose, 0.04 per cent corn starch, 0.5 per cent sodium chloride. 

Blood: 5.0 per cent to basic medium. 

Combined: 3.0 per cent blood to medium heat at 90 C. for five minutes, centrifuge and 
add 5.0 per cent blood at 45 to .50 C. 

The effect of glucose and starch on growth and hemol 3 ’sis is presented in 
Table 3. It is evident that; (1) Growth of the Streptococcus varies, up to a 
certain point, directh' with the amount of carbohydrate; (2) For the detection 
of beta hemoh'sis by certain streptococci, the presence of starch is necessaiw; 
(3) When washed agar and 0.1 per cent starch are used, the glucose may be 
increased to 0.05 per cent without interference with the production of beta 
hemolysis; (4) This combination permits streptococcal gi’owth equal to that 
obtained wlien unwashed agar and 0.03 per cent glucose are emplo 3 'ed; (5) 
While the addition of starch improved the medium prepared with unwashed 
agar, as much as 0.15 per cent was not sufficient for the growth of all of the 
strains of A*, gonorrhoeae {e.g. ,^1007); (6) The use of washed agar, 0.05 per 
cent glucose and 0.1 per cent starch permits the preparation of a blood agar 
medium that is as efficient as combined blood and chocolate agar vith respect 
to the support of growth of the Gonococcus and, at the same time, favors the 
surface production of beta hemoh’sis. 











286 


GASMAN 


Having succeeded in the development of a medium* that could be easily 
prepared from a, dehydrated base and that possessed the growth-supporting 
properties of the combined blood and chocolate agar, an experiment was done 
in order to compare the improved medium with other blood agar bases. Fresh 
beef infusion base prepared with washed and unwashed agars, Difco’s dehydrated 
Blood Agar Base (beef heart infusion, Bacto-Trj’ptose, sodium chloride, Bacto- 
Agar) and BBL’s Blood Agar Base (meat infusion, Thiopeptone, sodium chloride, 
agar) were included. 


TABLE 3 


The. Role of Glucose and Starch in Growth and HemolysisI 


AGA'R. 


PER CENT 
STARCH 

5 PER CENT 
BLOOD 
ADDED TO 

INCDBATION IN CANDLE JAR 

FOR 48 HOCES 

Gonococ- 
cus 1007 

Gonococ- 
cus 1030 

Gonococ- 
cus 1131 

Strepto- 
coccus 501 

Strepto- 
coccus 727 

Washed 

0.03 

0.0 

Ly 

3.5 


2.5 

1.5a 

2ab 

Washed 

0.03 

0.1 

Ly 

3.5 


2.5 

2b 

2b 

Washed 

0.05 

0.0 

I-'V 

3.5 

1.5 

2.5 

2ab 

2ba 

Washed 

0.05 

0.1 

Ly 

3.5 

2 

2.5 

2.5b 

2.5b 

Washed 

0.05 

0.15 

Lv 

3.5 

2 

2.5 

2.Sb 

2.5b 

Unwashed 

0.03 

0.0 

Ly 

0 

0 

0 

2.5ab 

2-fa 

Unwashed 

0.03 

0.1 

Ly 

0 

2 

2.5 

3.5b 

3b 

Unwashed 

0.03 

0.15 

Lj' 

0 

2 

2.5 

3b 

3.5b 

Unwashed 

0.05 

0.0 

Ly 

0 

0.5 

0 

2. Sab 

2. Sab 

Unwashed 

0.05 

0.1 

Ly 

0 

2 

2.5 

2.5ba 

2.5ba 

Unwashed 

0.05 

0.15 

Ly 

0 

1.5-f 

2.5 

2.5ab 

2.5ab 

Unwashed 

0.03 

0.0 

Ch 

3.5 

2 

2.5 

2.5a 

2a 

Washed 

0.03 

0.0 

Ch 

3.5 

2 

2.5 

1.5a 

1.5a 

Washed 

0.05 

0.1 

Ch 

3.5 

2 

2.0 

2.5b 

2b 


tLy: 0.04 per cent water-lysed blood. 

Ch: 3.0 per cent blood heated at 90 C. and removed by centrifuging. 

Growth: 0, none; 1, trace; 2, definite; 3, good; 4, excellent. 

Hemolysis: a, alpha; b, beta; ab, slight beta; ba, slight alpha. 

Medium: 1.0 per cent Proteose Peptone No. 3, 1.0 per cent Tcj^itose, 0.3 per cent beef 
extract, 0.005 per cent niacinamide, 0.005 per cent p-amino benzoic acid, 0.5 per cent sodium 
chloride, 1.5 per cent agar. 


* 1.0 per cent Bacto-Proteose Peptone No. 3, 1.0 per cent Bacto-Tryptose, 0.3 per 
cent Bacto-Beef Extract, 0.5 per cent sodium chloride, 0.005 per cent niacinamide, 0.005 
per cent p-aminobcnzoic acid, 0.05 per cent glucose, 0.1 per cent Argo corn starch, .14 
per cent washed agar, cold distilled water. Themixtureisstirred to dispense the starch and 
is dissolved by boiling. The medium is adjusted to pH 7.3 and is autoclaved at 15 pounds 
steam pressure for fifteen minutes. On cooling to 45 to 50 C.. 5.0 per cent human blood 
and 0.04 per cent water-lysed blood (0.15 per cent of a mi.xture of one part blood and three 
parts water) are added. (The addition of this small amount of Ij’sed blood may be omitted 
if the blood is alreadj' slightlj" b'sed because of storage.) 

To prepare the washed agar, finelj' granular agar is washed as a 0.5 per cent suspension 
in cold distilled water for five days, changing the water daily. The washed agar may be 
dehydrated with one or two volumes of ethyl alcohol before dr3-ing with moderate heat 
(85 to 100 C.). (Difco’s Noble Special Agar has been found lo be adequately washed and 
may be conveniently employed.) 
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The results obtained after twenty-one hours of incubation in a candle jar are 
presented in Table 4. The definite superiority of the improved blood agar base 
over the two dehydrated blood agar bases is evident. Wright’s meat infusion 
medium prepared with w-ashed agar wa.s capable of supporting the growth of 
iV. gonorrhoeae but was inferior in this respect to the improved base. Thus, 
the very simply prepared improved medium was markedly superior to the blood 
agar bases containing dehj'drated meat infusion and was also superior to the 
ver3’' good base prepared with fresh beef infusion. 


TABLE 4 

Comparison' of Ijiproved Base with Fresh Meat Intcsiox an*d Dehydrated Blood 

Agar Bases* 


IfEDl-Ci: 1 

j 

1 

i ! 

j A GAS 1 

BLOOD 1 

i 

1 

! cos'o- 
cocevs 

1 1007 

j Go?:o- 1 
j cocers { 
I 1030 j 

I STEEPTO- | STEEPTO- I 

j '■ ' coccus 5Ql; cocccs 727 

! 1 i 

STREP70- 

cocers Si 

1 

Improved base 

1 Washed j 

1 

5% plus Ij' 

1 .5 

io.o i 

[0.75 

j 1 .5-f-b 

: j 

! 2 b j 

2.5b 

iMeat Inf ba.se | 

j Washed j 

5% plus ly j 

1 

! 0.2 ! 

'o.,5 

i 2 b ! 

i 2 b ! 

■2.5b 

Meat Inf base i 

Unwashed ! 

5% plus ly j 

0 

1 0 i 

0 

1 2.5b i 

i 2.5b 1 

2.5-rb 

Difeo base | 

1 ! 

1 \ 

' 5% j 

0 

1 0 j 

0 

i la 

lb 1 

lb 

BBL base j 

1 i 

! i 

i 5% 1 

1 0 

i“ 1 

0 

i i 

Ib(tr) j 

lb 


* a, alpha hemolj'sis; b, beta hemolysis; L 3 ', 0.04 per cent Ij'sed blood; washed, granular 
Bacto-Agar v.-ashcd M-ith water for five daj-s. For other sj-mbols, see legends to Tables 
1 to 3. 


DISCUSSION' 

The improved blood agar base has been thoroughly tested in the clinical 
bacteriologic laboratory. The elimination of the preparation of fresh meat 
infusion, the use of a single blood-containing medium for the detection of organ- 
isms ordinarily encountered in the diagnostic laboratoin' together vrith the routine 
incubation in a candle jar effect a considerable saving in time and effort and, 
at the same time, a definite improvement in the quality of tlie bacteriologic 
work of the clinical laboratory. 

In the use of the improved blood agar medium it is important that incubation 
in a candle jar be employed. The routine use of this type of incubation not 
onh' permits the detection of bacteria which require an increased carbon dioxide 
tension, but also results in better growth of almo.st’all of the other pathogens. 
Tins is generally' true in the incubation of all blood agars. Of special importance 
is the fact that the production of beta hemolysis is favored by the atmosphere 
of the candle jar. As a result of the routine use of this type of incubation with 
the improved blood agar medium, Aa gonorrhoeae was isolated on several occa- 
sions from specimens in which its presence was not suspected and beta-hemolyiic 
streptococci were found which would have been other-vise missed. Beta- 
hemolytic streptococci, in almost pure culture, were k:olated on several occasions 
from urethral discharges and prostatic fluid sent to the laboratorj' for the detec- 
tion of N. gonorrhoeae. 
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The availability of a medium that will detect beta hemolj’-sis by those beta- 
hemolytic streptococci which tend to produce a green coloration of blood agar 
when surface streaking is employed is extremely important in the diagnostic 
laboratory. Fuller and Maxted® have showm that streptococci that- are weakl}' 
hemolytic but strong peroxide producers may give green pigment on aerobic 
blood agar plates. These organisms could be made to produce beta-hemolytic 
zones of hemolysis by removal of all reducing sugar from the medium, by adding 
extra catalase or by anaerobic incubation. Such organisms have been found to 
produce beta hemolysis when streaked on the surface of the improved blood 
agar medium. The removal of the green coloration maj’- be attributed to the 
adjusted glucose and starch content of the medium and to the atmosphere 
provided bj" the candle jar. (Occasional strains of pneumococci were en- 
countered which showed an appreciably lessened green coloration of the zone 
of alpha hemolysis.) 

The fact that an occasional strain of the Gonococcus was inhibited, pievented 
the use of a sufficient amount of niacinamide for the conservation of the “V” 
factor. The improved medium, therefore, is only slightly superior to ordinary 
blood agar for the isolation of H. influenzae. This deficienc}^ may be somewhat 
overcome by inoculating the blood agar plates with a single streak of a Staphylo- 
coccus culture immediately after the plates have been streaked with the specimen. 
This .use of Staphylococcus as a source of “V” factor results in the production 
of the well knoAvn satellite type of growth, making the presence of H. influenzae 
easier to detect. 

The mechanism of the inhibition of growth of the Gonococcus b}’' unwashed, 
agar* and the possible value of washing the agar in the isolation of other fastidious 
organisms remain for future study. 

SUMAURY 

When ordinary aerobic incubation of blood agar is employed, glucose inter- 
feres with the production of beta hemolysis. When incubation in a candle 
jar is employed, the concentration of reducing sugar ma3'’ be increased appre- 
ciably without interfering with the production of beta hemol3’’sis b3’' most beta- 
hemolytic streptococci. This t3’^pe of incubation is superior to ordinal^' aerobic 
incubation for the isolation of most pathogens on blood agar. 

Niacinamide, in concentrations greater than 0.005 per cent, inhibits the 
growth of some strains of Neisseria gonorrhocae. Onl3’’ slight stimulation of 
the growth of Hemophilus influenzae is obtained with this amount. 

Small amounts of corn starch and b'^sed blood favor tiie growth of N. gonor- 
rhoeae. 

Cora starch neutralizes the inhibition by small amounts of glucose or b'^sed 
blood of the production of beta hemol3’’sis. 

* By treating agar shreds with methanol, H. L. Ley and J. H. Alueller” of Harvard 
Medical School have c.vtracted a Gonococcus-inhibiting factor having the properties of 
a fatty acid. According to H. G. Dunham® of the Difco Laboratories, however, such 
methanol -e.xtractcd agar is slightb' to.vic for some freshly isolated gonococci. 
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Factors whicii inhibit the growth of N. gonorrlweae may be removed from 
finely ground agar by thorough washing with distilled water. 

The use of washed agar and the appropriate proportions of glucose and com 
starch permit the simple preparation of a blood agar medium that is superior 
to a verj" good fresh beef infusion base and to available dehj^drated blood agar 
bases. 


CONCLUSION 

A simply prepared blood agar base has been developed which possesses the 
groviih-supporting properties of bases made with fresh beef infusion and of 
mediums designed expressly for the isolation of Neisseria- gonorrhoeac. When 
incubated in a candle jar, it makes possible the use of a single medium for the 
isolation of organisms ordinarily encountered in the clinical laboratoiy and 
for the detection of beta-hemol3’^tic streptococci which give an alpha hemoh^sis 
on the surface of other blood agars. 

Routine use of this blood agar together with incubation in a candle jar simpli- 
fies the work of the clinical bacteriologist considerabl}' and enables the detection 
of organisms which may otherwise be missed. 
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ISOLATION OF SHIGELLA FROM THE GALLBLADDER OF 

A CARRIER* 

A. J. M.D. 

From the Dixpn State Hospital, Illinois State Department of Public Welfare, Dixon, Illinois 

Shigellosis is considered primarily an infection of the colon, involving es- 
pecially the sigmoid and the rectum. Hardy and Watt- stated that the shigellae 
rarely attack the ileum and thej'’ made no mention of involvelnent of the gall- 
bladder in carriers. 

In consulting a number of text books on diseases of the gallbladder* - ^ 

and a sj-^stem of medicine,^ no reference was found to the presence of Shigella 
in the gallbladders of carriers of this organism. It is therefore believed that the 
recovery of Shigella from the gallbladder in a carrier should be reported. 

REPORT OF CASE 

Clinical data. On November 16, 1938, a white female, 6 years of age, was admitted to 
the Dixon State Hospital, as an epileptic and classified as an “idiot.” The patient, who 
was apparently physically well developed and able to walk, was nevertheless unable to 
talk, or to perform anj- coordinated purposeful movements such as feeding herself. She 
was unable to e.xercise voluntary control over the sphincters. On December 21, 1938, 
she developed diarrhea. On proctoscopic e.xamination, a diagnosis of bacillary dysentery 
was made and she was treated conservativelj-. On January 15, 1940, diarrhea was still 
present and the stools were mi.xed with blood and mucus. On July 9, she was treated with 
sulfaguanadine. Although the patient was periodicalb-- ill with diarrhea, the diagnosis 
of shigellosis was first made in October 1943, when Shigella sonnei was recovered from a stool 
specimen sent to the Illinois State Department of Public Health, Division of Laboratories. 

On July 1, 1944, at the request of Dr. Warren G. Murra3q Superintendent 
of the Dixon State Hospital, Dr. A. V. Hardy of the United States Public Health 
Service conducted an intensive study of shigellosis at the hospital. Cultures 
were routinebv taken ii.early every day from patients in the Isolation Hospital 
of the institution. 

Methods used. Cultures weie taken by the swab rnethod as suggested bj-- 
Hard3^® Material thus obtained was immediately streaked on an SS (Shigella- 
Salmonella) agar plate. Twenty-four hours later, bacteria from positive 
colonies (whitish and translucent) were inoculated into Kligler’s medium. 
Colonies of suspected shigellae on culture slants were transferred to the following 
carbohydrate broths: mannitol, x3dose and rhamnose, which served to make 
the tentative diagnosis. Shigella paradysenioriae Flexner produces acid in 
mannitol but does not cause an3’- reaction or change in x3dose or rhamnose. 
On the other hand, Sh. ambigua {Sh. schmilzii) feiments rhamnose only, leaving 
the other two carboh3’^drates unchanged. Sh. sonnei, however, ferments both 
m annitol and rhamnose and usualL’’ does not ferment x3dose. The final diagnosis 

* Received for publication, December IS, 1946. 
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-is made by serologic study which confirms or disproves the above findings in 
the sugars. 

Study of ihe carrier state. Since our patient was known to be an intermittent 
carrier of Shigella sonnet, material for culture was taken from her daily, except 
Sundays and iiolida^^s. Table 1 gives the details of the findings on culture 
beginning July 1, 1944 and ending July 4, 1945, the day of her death. During 
the year, 329 cultures on Kligler’s medium showed growth which was suspicious 
and of these, 110 or 33.5 per cent were po.sitive for Shigella sonnei and 1.0 per 
cent were positive for Shigella paradysenteriae Flexner V. Of these suspicious 
cultures, 143 or 43 per cent were negative (See Table 1). 

TABLE 1 


Sujiif.^RY OF Daily Cultcres of Stool of Shigella C.\rrter During Year July, 1944 

TO July, 1945 


DATE 

JrXJMBER OF 
CULTUEES 

XECA- 

nvz 

NEC-ATI\*E 

OK 

KLlGtER'S 

ITEDlUit 

C4S 

roEif- 

EES 

i POSITI\X 
OK 

KLtCLEP/s 
ifEDirXf, 
KECATIVX 
OK SCGaES 

Sh. sonnei 
RECOVERED 

1 

; 

Sk. para- 
dysenierias 
FtEXKEE V 
EECO%*ER£D 

Sk. alia. 
Uscens 
RECOVXEED 

1144 









July 

24 

4 

9 

1 

2 

8 



August 

29 

11 

7 

2 

3 

o 


1 

September 

37 

7 

6 


2 

15 


October 

33 

15 

8 



7 



November 

24 

7 

2 

M 


15 



December 

27 

11 

1 

B 


12 



ms 







- 


Januari' 

30 

23 



2 

5 



Februarv 

24 

18 



1 

5 



March 

26 

16 







April 

24 

10 

2 

o 

1 


4 1 


Maj'- - ^ 

27 


6 






June 

2.3 

■a 

\ 




j 


Julv 

1 

m 




1 

i 


Total 

329 

143 

41 

IS ■ 

12 

no 

4 i 

1 

Per cent 

100.0 

43.6 

12.5 

0.5 

3,6 

33.5 

1.2 1 

0.3 


Treatment. During the year the patient was treated intermittently with 
six courses of sulfadiazine. Each course consisted of one tablet of 0.5 gm. 
four times daily for four days, the initial dose being double that of the regular 
dose. The third of these courses Avas preceded by an intramuscular injection 
of 1 cc. of tA-phoid imccine containing 1.2 billion organisms, to induce hyper- 
pyrexia. The Shigella infection ivas seemingly checked for ten days but the 
organisms reappeared later. Beginning Febiuar}* 14, 1945, the patient was 
inoculated with irradiated Shigella sonnei vaccine, which contained five billion 
organisms per cubic centimeter, 2.5 cc. of this vaccine being administered during 
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the following three weeks. For two Aveeks following this treatment the organisms 
were suppressed in the stool. Beginning April 3, the patient was given one 
tablet of sulfadiazine in combination with two tablets of sulfasuxidine four 
times daily for six days, Avithout permanent improA’^ement. The urine Avas 
checked for sulfa crystals, but no crystals Avere found at any time. 

On July 4, 1945, AA'hile the patient Avas being gh’^en an enema for constipation, 
she suddenly deA’-eloped continuous epileptic couAuilsions and expired thirty- 
five minutes after the beginning of the conAmlsive seizure. 

AUTOPSA' FINDINGS 

Gross findings. The necrops3' revealed the body of a well nourished female, weighing 
about 6S pounds. The right and left lungs A’-aried in consistence and crepitation. On 
section of the left lower lobe, the cut surface presented dark purplish areas, differing in 
consistencj'. A piece of the dark purple area did not sink in water. The heart weighed 
100 gm. The cardiac muscle Avas pale in color. The kidneys, liver and spleen were slightly 
congested but normal in appearance. 

The gallbladder, which AA-as normal in appearance, AA-as carefully dissected out of the liver 
and clamped. It was severed distally to the C3'’stic duct and removed from the liver. The 
AA-all of the gallbladder was incised with a flamed sterile scalpel. The incision was large 
enough to admit a sterile applicator. Material obtained on each of two sterile swabs 
introduced into the gallbladder AA’as streaked, each on a plate of SS agar medium. The 
gallbladder AA-as then opened and the clear greenish yellow bile flowed freely from it. No 
gall stones were found. 

The gastrointestinal tract Avas essentially normal in macroscopic appearance, with 
the exception of enlargement of the mesenteric glands. Since the Shigella involves the 
colon, this part of the intestine was clamped near the end of the ileum just above the ileo- 
cecal valve and beloAv, near the end of the sigmoid. Three portions of the colon : ascending, 
transverse and descending, AA-ere distinguished. Each portion of the intestine AA-as incised 
with a scalpel flamed AA-ith an alcohol lamp. The material which AA-as obtained AA-ith sterile 
sAvabs AA'as then streaked on SS agar plates. Tavo cultures were taken through each incision. 
The intestine AA-as then opened longitudinally and inspected for ulcerations but none were 
found. Sections were taken from the ascending and descending colon for histologic study. 
The mesenteric glands AA-ere markedly enlarged, each being about the size of a small olive. 
One l3’mph node Avas taken for histologic stud3'. 

Microscopic findings. The microscopic sections AA-ere studied b3’- Dr. B. Lichtenstein 
of the Ps3-chiatric Institute, Department of Public Welfare, Chicago, Illinois. The in- 
testinal mucosa of the colon AA'as normal in the sections examined. There was slight lo'per- 
plasia of the lymphatic areas. The submucosa of the colon and muscularis AA-ere In-per- 
trophic. Sections of the b-mph node showed marked h3-perplasia. 

Bactcriologic findmgs. The cultures taken from the gallbladder were positive for 
Sh. amhigua. On the other hand, cultures from the ascending colon were positive for 
Sh. sound.* Xegative cultures were obtained from both the transA'-erse and descending 
colon. 


DISCUSSION 

During the year of study the patient did not shoAv an}’- positive cultures 
for (S7i. amhigua. She may have had an infection Avith this type of Shigella 
at the beginning of her d 3 'sentery in 1939, subsequent to which it lay dormant 

* These cultures were verified b3' the Division of Laboratories, Illinois State Department 
of Public Health and 133- the Deutsch Serum Center, Michael Reese Hospital, Chicago. 
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in the gallbladder. In checking on preTious cultures sent to the State Health 
Laborator}^ in 1943, onlj-' three ^vere positive for Sh. sound. The finding of 
Sh. ambigua on postmortem cultures would indicate that either the patient had 
recently contracted it, or else that she had this organism since 1939, when 
the diagnosis of bacillary d 3 "senter 3 ^ was made by proctoscopic e.xamination. 
As in typhoid carriers where the gallbladder is the organ of predilection, it is 
possible that in this patient the gallbladder also was chronically infected with 
Shigella of the Schmitz tj’pe. 

Another patient, S. Y., female, age 7, in the same room, was a carrier of 
Sk. amhigua during the first eight months of the j'ear. Later, during the last 
four months, after she contracted infection with Shigella sonnei, she was excreting 
both organisms simultaneous^, or either organism interm ittenth'. At the end 
of this studj^, however, it was impossible to isolate Sh. amhigua from her stools. 
Apparentlj', Sh. sonnei became predominant over Sh. ambigua and perhaps 
the latter remained dormant in the gallbladder. 

In the patient under stud}’’, Sh. sonnei was isolated from the ascending portion 
of the colon. The cultures were negative from the transverse and descending 
portions of the intestine. One would expect to find Sh. sonnei predominant 
in the lower portion of the colon rather than in the ascending. 


STBBLiRY 

Tlie histoi^’- and autops}' findings are presented of a carrier of Shigella amhigua 
and Shigella sound. Dailj' cultures were taken from the stool of this carrier 
over a period of one j'ear prior to death. 

At autops 3 % Sh. amhigua was recovered from the gallbladder and Sh. sonnei 
%vas recovered from the ascending colon. 
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NEMATODE INFESTATION IN PANGASINAN, LUZON, 
PHILIPPINE ISLANDS* 

HENRY BRODY. M.D. 

From the Department of Pathology, Beth Israel Hospital, New York City 

Between February and October 1945, I examined the stools of 550 indhdd- 
uals in Pangasiaan, Luzon, Philippine Islands. Because of the unsettled con- 
ditions of the period, a good many of these people were from the neighboring 
pro\Tnce of La Union, and some from elsewhere. Geographical data were not 
collected. One individual, not included in this series, had a filarial funiculitis, 
probably acquired on Luzon. Most of the individuals examined were civilians 
seeking employment with the iJ. S. Anny; a few were hospital patients. Of 
those examined, 469 were males and 81 were females. The stools were examined 
by a simple, saturated salt solution flotation, concentration method. In many 
instances, direct examinations of saline suspensions were also made. The 
method gave a reliable index of infestation vith the common nematodes of 
the re^on: Ascaris lumhricoides, Trichvris trichivra and hookworms (in the 
few instances in which adult worms were recovered after treatment, they were 
identified as Ancylostoma duodenale). The results are listed in Tables 1 and 2, 
which show infestation rates of these three nematodes. Two individuals har- 
bored, in addition, larval Slronyyhides stercoralis, one patient, ova of Taenia 
(species unknown), and one patient, after vermifuge therapy, revealed adult 
Enterobius vermicularis. The low incidence of Taenia infestation in this group 
is undoubtedly due to the small part meat plays in the diet in this region of the 
Philippines. Infestation vnth protozoan parasites was not tabulated, for the 
examinations were incomplete. All stools were not ‘examined directly; zinc sul- 
fate concentration was not used in this group, and the salt flotation method was 
not effective in demonstrating protozoan parasites. Cysts and trophozoites of 
various amebae were encountered, however, and in one indi^^dual, from whom a 
historj"^ of a severe diarrhea several months pre\’iously Avas obtained, trophozoites 
of Balantidhim coli were found in large numbers. 

From Table 3, it is seen that 92.6 per cent of all individuals examined harbored 
nematode parasites. This figure is undoubtedlj’^ too low. Of the group of 41 
indiAuduals with negative stools, in only 13 were two or more examinaticns made. 
If those persons from whom onlj" a single specimen was obtained are omitted 
from the calculations, the percentage of infested individuals is increased to 97.5 
per cent. An estimate can be made of those Awth one negative stool who Avoiild 
haA'^e become positiA'e if subsequent e.\aminations had been made. Bj’’ applying 
a correcting factor derived from a study of the number of examinations necessarj’’ 
to obtain a positiA'e examination in those listed as positiA'e (Table 3), the per- 
centage positiA'e for the entire group becomes 95.5 per cent. 

Examination of Table 1 brings out an interesting fact, iniile there is no signif- 
icant difference betAA'een the infestation rates of men and Avomen AA’ith Ascaris or 

* ReceiA'ed for publication, November 21, 1946. 
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Trichuris, there is a striking difference in the hookworm infestation rate. That 
this differenceis far too great to be explained as a sampling error is shown b3'the 
calculation of the Chi square value. 

There are, undoubtedly^ several factors which explain the difference in infes- 
tation rates in the three common nematodes. In all probability', all of them are 
related to the difterent modes of infe.station. Ascaris and Trichuris both obtain 

T.AJBLE 1 


IxCIDEN’CE OF .\SC.\RIS, TrICHURIS AXD HoOKWORM I.XFE.STATIO.V IX 550 Filipixos 



1 ItALE SUBJECTS 

1 

FEIULE SUBJECTS 
• 

TOTAL 

D 

O'* 

if. ^ 

u 

PROBABILITY 

P 

{ Num- 
1 ber 

Per cent o- 

Num- 

ber 

Per cent a 

Xum- 

ber 

Per cent c 

Total examined... 

. . 1 469 

/ 

SI 


550 




Total positive .... 

.-.j 433 

92.3 ri:1.25 

76 

93.8 ±7.63 

509 

92.6 ±3.52 

0.23 

0.63 

Ascaris 

. . 1 343 

73.2 i2.05 

65 

SO. 3 ±4.42 

408 

74.4 ±1.86 

1.82 

0.18 

Trichuris 

..! 19S 

42.4 ±2.2S 

36 

44.4 ±5.52 

234 

42.6 ±2.11 

0.14 

0.70 

Hookworm 

..j 235 

50.1 ±2.31 

10 

12.3 ±4.10 

245 

44.6 ±2.12: 39.1 

i 

2 X 10-® 


TABLE 2 

Axaly.sis of Ixcidexce of Xematode Ov.\ (axd/or Parasites) ix the Stool.s of 550 

Filipixos 


^^:iL^TODE 

i 

MALE SUBJECTS ; 

1 

FEMALE SUBJECTS 

( 

1 TOTAL 

i cm 

SQUARE 

! 

jpEOBABILITY 


X'umber 

JPer cent 

Number 

(Per cent^ 

iNumberjPercent 

i 1 

i X“ 

[ 

1 P 

1 

Ascaris* 

110* 

1 ■ 

23.0 

36 

44.4 

146 

j 26.6 

1 

j 

{ 

i 

Trichuris 

22 

4.7 

9 

11.1 

31 

1 5.6 

1 

{ 

i 

Hookworm 

51 

10.9 

1 

1.2 

52 

: 9.5 


1 

Ascaris and Trichuris 

66 i 

14.1 

1 21 

25.9 

87 

1 15.8 

i 

} 

Hookworm and Ascarisf 

74t 1 

15.8 1 

: 3 

3.7 

77 

1 14.0 


' 

Trichuris and hookworm ! 

If 1 

3.6 ] 

! 1 

i 

IS 

1 3.3 

1 

\ 

1 

Ascaris, Trichuris and hook- | 

i 


i 



wormt 1 

931 ! 

19.8 

5 

1 6.2 i 

! 98 

17.8 


j 

Single infestation j 

183 1 

3S.»! 

46 

56.8 ! 

1 229 

1 41.7 

4.74 

j 0.03 

Multiple infestation | 

1 250 

53.3 1 

30 

37.0 1 

i 280 

1 50.9 1 

7.31 

; 0.0069 

Total infestation i 

i 

^ 433 

92.3 1 

J 

f6 

93.8 1 

509 

i 92.6 1 

1 ! 

; 0.23 

j 0.63 


* Includes one case with Taenia infestation also, 
j Includes one case with Enlcrobius vennicularis also. 

I Includes two cases with Strongi/loiilcs slercoralis also. 


entrance to the human body by way of the digestive tract; the hookworm, in 
most instances, gains entrance through the skin. 

The groups of men and women were not entirely' similar in composition. The 
men were of wider age distribution and included many indit'iduals of the field 
laborer class. A large proportion were ‘“permanently” shoe-lcss, and un- 
doubtedly spent much time in the fields and rice paddies. The females were 
mo.stly yoimg girls, of better education. They included school girls, teachers, 
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nurses, clerks and minor civil servants. Almost all of them wore shoes, sabots, 
or the native woven sandal. It is ^improbable that more than a few were field 
workers. 

From Table 1, it is seen that there is little probability that the difference in in- 
festation in males and females vath Ascaris or Trichxzris, or in nematode infes- 
tation in general, is other than a sampling error. On the other hand, the dif- 


TABLE 3 

Results of Stool Examinations in Relation to Positive Findings 


NtnnjER or subjects i 

NUMBER 

PER CENT <r 

Number with negative examinations 

41 


1 negative e,\'ainination 

,28 


2 negative examinations i 

1 


3 negative examinations ' 

1 


' 4 negative examinations 

1 


Number with positive findings 

Positive 

509 

92.6 ± 3.52 

On first examination 

- 488 


On second examination 

15 j 


On third e.xamination 

4 


On fourth examination 

2 


Corrected total positive e.\amina- 



tions (see text) 

524 

95.5 cfc 2.80 


TABLE 4 

Incidence of Ova and Parasites in Stools of 140 American Soldiers 



NUMBER 

PER CENT <r 

i 

Individuals examined 

140 i 

100 

Individuals infested 

21 

15.0 ± 3.02 

With Ascaris 

14 

10.0 ±2.54 

With Trichuris 


3.7 ± 1.60 

With Ascaris and Trichuris 

1 

0.71 ± 0.70 

With Strongyloides 

1 

0.71 ± 0.70 

Indiwduals harboring cysts of E. his- 
tolytica* 

5 

3.7 ±1.60 





* Zinc sulfate centrifugation-flotation method. 


ference in hookworm infestation rate is significant, there being less than two 
chances in 1,000,000,000 that the difference between infestation in males and 
females could have arisen by mere sampling. This significant difference is prob- 
ably explained by the difference in exposure. Hookworm infestation is largely 
due to the exposure of the bare skin to the larval parasite in the polluted fields 
and rice paddies. Both groups are the %'ictims of the general low level of sani- 
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tation, which explains the equally very high incidence of water, food and dust 
borne helminthic infestation. It will be noted in Table 2 that total infestation 
rates are s imil ar in males and females but that the rate of multiple infestation, 
which might be related in some way to the degree of personal sanitation, is 
significantly lower in females than in males. No attempt was made to express 
quantitatively the degrees of infestation. ’ The impression was obtained, however, 
that persons with multiple infestation were more hea%il 3 ’ infested, and that heaw 
infestations were rare in females. It will be seen in Table 2 that single infes- 
tations were somewhat more frequent in females, although the statistical prob- 
ability is not high. 

For comparison, it is interesting to note the incidence of infestation in a small 
group of men introduced into the same environment from a more hj-gienic one. 
These men were well shod and armed with a modicum of sanitarj’’ training, and 
their work did not expose them to the hazards of the open fields and rice paddies. 

Before they arrived in the Philippines, a sun-ej" revealed that less than 2 per 
cent of the men had hookworm infestation, all of these being from the southern 
part of the United States. No other infestations were discoA’ered, although there 
might have been some in the latent phase, acquired during a six months’ sta\' in 
New Guinea. In the latter area, however, hookworm was the predominant 
helminth and Ascaris and Trichuris were rare. During approxlmatelj^ six 
months’ exposure on Luzon, 15 per cent acquired helminthic infestations. 
Ascaris and Trichuris were numerous, but hookworm infestation did not occur. 
These results are tabulated in Table 4. The infestation rate is much lower than 
in the chdlian groups, but was steadih^ rising during the period of exposure. 
Probablj' differences in sanitation would have prevented the rate reaching that 
of the ci\'ilian population, but certain individuals were ob\Tousl 5 ' breaking 
sanitarj' controls. How far indi\’idual and small group control methods can be 
effective in a highl}^ contaminated area is problematic. 

SU?*IMAEY AND CONCLUSIONS 

Data are presented of infestation rates in Pangasinan, Luzon, Philippine 
Islands, for the common nematode para.sites in (1) an indigenous group and, (2) 
a gi'oup of indi\dduals introduced from the United States. 

Significant differences in the rate of hookworm infestation in males and females 
were found. Infestation rates of Ascaris himhricoides and Trichuris trichiura 
are essentiallj^ the same in male and female pemons. These differences are 
related to the differences in the modes of infestation and to the differences in H'pe 
of exposure of males and females. 

Acknoicledgmcnts. I wish to express my thanks to Mrs. Raymunda Herrera, my secre- 
tan-, who made it possible to distinguish names of male and female persons. Most of the 
stool preparations were made by James Estridge. 



USE OF Rh-NEGATHTi: MOTHER’S BLOOD IN TRANSFUSIONS IN 

NEWBORN BABIES=*= 

TAYLOR HINTON, Ph.D. 

From the Department of Biology, Amherst College, Amherst, Massachusetts 

It was recentljf suggested by Maj’-es^ that administration of blood by wa}’’ 
of the umbilical cord at birth from an Rh-negative mother to her baby was helpful 
in the case of erj^throblastosis. The results of 78 such cord transfusions were 
presented as evidence in favor of the hypothesis. However, since the idea 
is contraiy to the accepted mechanism of action of the Rh factor, it appears 
pertinent to examine these data in more detail. The mother’s blood should 
contain, if the}’’ arc present at all, the anti-Rh agglutinins which are responsible 
for the damage to the baby’s blood cells, and should, therefore, be unsafe to use. 
Also, these data lend themselves to an analysis of the type which Snyder ^ has 
made, which should be of interest to both the geneticist and the physician. 

In the report by IMayes of the 78 babies who -^^’ere delivered from Rh- 
negative mothers and given cord transfusions from the mothers, three showed 
erythroblastosis and two died (both premature babies in whom the diagnosis 
of eiythroblastosis was not made). Thus, appro.ximately 6.5 per cent of these 
deliveries resulted in erythroblastosis or death. This figure is considered by 
IMayes to be low and is interpreted by him to indicate that the “mother’s blood 
seems to agree with the babies.” In order to evaluate the results, an attempt 
is here made to analyze the 78 cases in terms of what would be expected in the 
absence of a transfusion and to determine what proportion of the infants would 
be expected to develop er 3 ’throblastosis under the conditions that were present. • 

It has been realized for some time that an Rh-negative mother can usually 
safely deliver her first Rh-positive child since she has not had an opportunity 
previousl.y to build up antibodies against the Rh factor. Maj’es stated that 
37 of the 78 mothers under consideration were primiparas (47.4 per cent). 
Therefore, only 41 of the mothers would be e.xpected to have developed enough 
antibod}’ to produce an erythroblastotic baby. 

In order for the fetus to cause the Rh-negative mother to build up agglutinins 
against the Rh factor, the fetus must have the agglutinogens; i.e., be Rh-posi- 
tive. If the father and mother are both Rh-negative, the fetus will also be 
Rh-negative. Mayes was unable to test all of the fathers, but of the 47 tested, 
six were found to be Rh-negative. Therefore, 6 of the original 78 can be dis- 
missed as not being expected to develop erythroblastosis. Of 78 fathers, 
however, we would expect to find closer to 10 Rh-negative, since 13 per cent 
of the population are Rh-negative.- So, if all Rh-negative fathers are considered, 
the number of babies that might be expected to develop erythroblastosis is 
decreased. 

About 46 per cent of the population is heterozygous for the Rh-negative 

* Recei^’ccI for publication, December 2, 1946. 
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gene, rh-. Half of the children of the heterozygous (Rh rh) man married to an 
Rh-negative ■woman (rh rh) would be expected to be negative. These negative 
children cannot develop erjdhroblastosis. About 36 of the 78 fathers would 
be expected to be heterozygous and, therefore, about 18 of their children should be 
Rh-negative, thus giving a total of 28 Rh-negative children, or 36 per cent. 
Mayes tested 61 of the 78 babies and found that 31 per cent of them were nega- 
tive. That is in fairly close agreement with the e.xpected incidence. 

Considering both factors, first bom and Rh-negative children, we can calcu- 
late the expected number of children that might be normal for one or both of 
these reasons. Since 47.4 per cent of the children were first bom and 36 per 
cent are expected to be Rh-negative, approximately 33.7 per cent should remain 
with the conditions necessan.' to develop erjdhroblastosis (52.G per cent not 
first bora X 64 per cent Rh-positive children). That is to say that in only 
26 of the 78 births was there an Rh incompatibility. 

Also, some of the 26 children who were not first bom, but were Rh-positive, 
would be e-xpected to have older siblings who were negative if the father were 
heterozx’-gous, i.e., some of these 26 would be the first Rh-positive even though 
not the first bom. Snyder calculated by appropriate statistical methods of 
analysis of gene frequency that Rh-negative women will marrj* heterozygous 
men about 15 per cent of the time. On calculating the chance, it is found that 
of 26 mothers, each giving birth to two children, one mother may be expected 
to have the first child negative and the second positive. 

This still leaves 25 children who were bom under circumstances expected 
to lead to erythroblastosis, or one-third of those children bom to Rh-negative 
mothers. It is of interest to compare this result to Snyder’s calculation made 
by a statistical analysis of gene-frequencj’' in which he obtained an expected 
finding of one in 17 of all births. The figure derived from Mayes’ data is one 
in 27 (since Rh-negative women are married to Rh-positive men in only 11.3 
per cent of all matings, one-third of 11.3 per cent is 3.7 per cent, or one in 27 
of all births may be expected to show the effect of the immunization of the mother 
b3' the Rh factor)! This expected figure is considerabh" less than the theoretical 
e.xpected finding of Snyder. The reason may probably be found in the large 
number of first born children'in Maj'es’ data (47.4 per cent) as compared to the 
total American population in which the first bom comprise onl}' about 31 per 
cent of all births. 

As .Snj'der pointed out, even though only one in 17 of all births may be expected 
to result in erythroblastosis, actually only one in about 200 does. He suggested 
that it ma\' be that only .some women are capable of producing potent antibodie.s 
against the Rh agglutinogens. In other words, actual results show that of the 
children who should develop erj'throblasto.sis. only about 10 per cent do. Tliere- 
fore, according to the data of !Ma\'es, of the 25 cases which should develop eryth- 
roblasto.sis, it would be expected that only 10 per cent of children (2 or 3) would 
actually' shoyv s,ymptoms. This, in fact, did occur. In 78 births, in instances 
in yvhich the mother yvas Rh-negative, 3 babies had a diagnosis of en-throblas- 
tosis. In addition, there yvere two deaths in yvliich no diagnosis yvas made. 



300 


HINTON 


It maybe concluded at this point that regardless of the transfusion of mother’s 
blood to the child, the number of cases of erythroblastosis was the same as 
would be expected. The transfusion does not appear either to forestall the 
erj'-throblastosis or to increase its occurrence. In a control group where no 
transfusion was given, Mayes found in 59 deliveries that five resulted in eryth- 
roblastosis and that two of these died. This means approximately 8.6 per cent 
of these deliveries resulted in erythroblastosis or death as compared to 6.5 
per cent in the group recei^ung a cord transfusion. There is not a significant 
difference between the two figures. However, one should not expect, a priori, 
the transfusion of mother’s blood to increase the frequencj’' of eridhroblastosis, 
for if the mother’s blood lacks a high titer of the anti-Rh agglutinins, it should 
be as useful in a transfusion as any blood; if her blood does have a high titer 
it would probably harm the fetus regardless of the transfusion. Nevertheless, 
it seems plausible that a transfusion, using blood with a high titer of the anti-Rh 
agglutinins, should increase the symptoms of erythroblastosis in the baby 
even though the S 3 mptoms are initiated in the fetal stages. Therefore, an 
examination of the affected babies appears pertinent. 

As has been stated, two babies died. It is not knomi if they were erjdh- 
roblastotic. Both of these infants were premature, one ha^^ng a gestational 
period of 34 weeks, the other 31 weeks. The first of these weighed 4 pounds, 
15 ounces. According to Maj'-es’ data, 11.5 per cent of such babies die. The 
otlier one weighed 3 pounds, 9 ounces, and 45.4 per cent of babies of this weight 
die. No conclusion can be reached as to the influence of the transfused mother’s 
blood in either case. The first of the babies which definitely'’ developed eryth- 
roblastosis was pronounced as being in “fair condition” at birth. It was a 
full term child weighing 7 pounds, 3| ounces. Soon after the cord transfusion 
of mother’s blood, sy'mptoms of ery’^throblastosis developed. On the follo’wing 
day, the baby Avas given a transfusion from a professional Rh-negative donor. 
The baby'’ recoA'’ered. Two otlier infants AV'ere diagnosed as erythroblastotic 
and both recovered. 

hlay’es furnished seA’’eral additional cases not included in the original 78 cases. 
One of these was a baby'’ Avho became jaundiced soon after birth. It was given a 
transfusion of Rh-negative mother’s blood on the second day. The baby showed 
improvement until the eighth day^ On the fourteenth day it Avas giA'^en blood 
from a professional Rh-negatiA'e donor and recoA'’ered. In this instance, if the 
mother’s blood had a detrimental effect, the effect A\'as delayed for several day'’s. 
In another case, the baby'’ Avas giA'’en a cord transfusion of Rh-negative mother’s 
blood, and AA'as markedly’ jaundiced on the day'’ of the delivery^ On the following 
day^ a transfusion AA’as giA’en by a professional Rh-negative donor. The baby 
recoA'ered. In another case, an Rh-negative mother’s blood AA’as transfused to 
her tAA’o and one-half hour old baby’. The baby died on the third day. The 
same mother bore another baby’ four y’ears later AA’hich AA’as jaundiced. This 
time the blood of an Rh-negatiA’e donor AA’as giA’en and the baby’ recoA’ered. 

Those cases do not support the idea that a transfusion of mother’s blood is 
helpful. In all but t\A’o of these nine cases, the recoA’ery’ could be attributed 
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to the transfusion from a professional Rh-negative donor. In the two exceptional 
cases which recovered, Mayes did not state whether they received subsequent 
transfusions or not. Therefore, no conclusive evidence can be drawn from these 
data to demonstrate that transfusions to Rh-positive babies of Rh-negative 
mother’s blood have a harmful effect, although a harmful effect is indicated. It 
is shown, however, that er3ThrobIastosis is not forestalled bj' such a transfusion, 
nor should it be in light of the present knowledge of the genetics and physiolog>' 
of the Rh factor. 


SUMIL^RT 

The advisability of givmg mother’s blood which is R,h-negative to newborn 
babies is criticalh- questioned. It is concluded from an analysis of data that 
such transfusions do not lower the occurrence of eiT^hhroblastosis among the 
babies and, in some cases, maj^ provoke or aggravate the condition. 
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GRANULAR CELL MYOBLASTOMA 

(Myoblastic My'oma, Rhabdo-myome Granulo-cellulaire)* 

MORRIS A. SIMON, M.D. 

From Ihe Deparlmenl of Laboratories, Jewish General Hospital, Montreal, Quebec 

In 1926, Abrikossoff' described a series of five tumors (three from the tongue, 
one from the upper lip and one from the depths of the gastrocnemius muscle) 
which he interpreted as arising from m 3 ''oblasts. These tumors were composed 
of fairly large cells with small, single or multiple, pylcnotic nuclei and charac- 
teristically contained large anlounts of coarsel}* granular cj'toplasm, much of which 
was eosinophilic. To these tumors he gave the name m. 5 '-oblastic myomas. In 
two of them, the cells comprising the tumor were typical unstriated mj^blasts, 
while in the other three, both longitudinal and cross striations were found in 
variable amounts. Abrikossoff* was of the opinion that these tumors arose from 
neighboring striated muscle elements following degeneration, trauma, or in- 
flammation. This concept of the pathogenesis of these tumors was somewhat 
modified following the report of five additional cases b}’^ Klinge'" in which he 
showed that similar tumors arose in situations in which striated muscle was not 
ordinarity present. Abrikossoff- .subsequently agreed that by dysontogenetic 
inclusions of primitive mjmblasts in various situations these tumors might arise 
anywhere and, indeed, this has proved to be the case. 

Following Abrikossoff ’s original report,* a considerable number of instances of 
mjmblastic myomahas appeared in the literature. In 1944, Howe and Warren** 
reported 10 cases and reviewed the e.xisting literature on the subject and 
Crane and Tremblaj’’,® in 1945, were able to collect 157 cases to which thej" added 
five. Within the past several j^ears, these tumors have gained additional 
significance by reason of their gross similarity to carcinoma, when thej’’ appear 
in the breast, and also by reason of i-ecent reports of malignant changes arising 
in some of them._ In the past two j-'ears, I have seen five cases of so-called m 3 ’'onia 
with an additional case from old material which had been previousR undiagnosed. 

REPORT OF CASES 

Case 1 

Clinical data. The patient was a 60 j’ear old, white male who noted a painless lump 
in his right breast one year before admission. He stated that the lump was not as freely 
movable then as it was at the time of admission, and that it had not increased in size. Upon 
examination, a hard, painless, freely movable mass the size of a large walnut was palpated 
in the upper, inner quadrant of the right breast. The skin was not adherent to it and no 
discharge from the nipple %vas present. The tumor was removed; frozen section was per- 
formed and a diagnosis of benign tumor was made. 

Gross description. The tumor lay in fat, was roughly globular, firm, and sharply out- 
lined, but not encapsulated and measured 2 by 2.5 cm. The cut surface presented a j'cl- 
lowifsh white, finely granular and slightly lobulatcd appearance with minute, pearly gray 
foci. It was strikingly avascular. 

* Received for publication, December 24, 1946, 


302 



GRAIOJLAE CELL MYOBLASTOJLV 


303 


Microscopic descripUon. Sections revealed an encapsulated nodule bung in subcu- 
taneous fat- The capsule was made up of loose and edematous fibrous connective tissue 
which extended into the tumor in thick and thin septa. The tumor itself was composed 
of large and small groups of cells which were separated from each other by irregular septa 
ha\dng only an occasional blood vessel. From the connective tissue septa, fine but quite 
regular fibers penetrated into the groups of cells. The cells composing the tumor were 
roughly polyhedral in shape and contained abundant granular cytoplasm v.-hich took the 
eosin stain. In many situations no cell outlines could be seen and the tumor appeared to 
form a syncytium. The cells contained small, dark-staining nuclei which varied only 
slightly in size, shape and staining quality and occasionally contained small nucleoli. 
Many of the cells failed to show nuclei at the level of the section and within a few of the cells 
several nuclei were encountered. The majorit}' of the cells appeared to be cut in cross 
section and the impression was gained that they were somewhat elongated. Careful 
search failed to reveal any transverse striations in any* of the cells cut tangentially. Xo 
vacuoles were seen in the cydoplasm. Frozen sections stained for fat failed to shov.* any 
lipoids within the tumor cells. Sections stained by Best’s carmine method failed to reveal 
glycogen. Van Gieson’s stain showed tumor cells that took an atypical orange color. 
This tumor was removed in 1936 and the diagnosis of myoblastoma was established in 1939. 

This is an instance of granular ceil myoblastoma occurring in a situation in 
which no skeletal muscle is ordinarilt'- present. The tumor grossly simulated 
carcinoma but was encapsulated. The patient is alive and well, ten years after 
removal of the tumor, and has had no recurrence to date. 

Case 2 

Clinical data. The patient was a 49 year old white female who had a small, slightly 
elevated, nonpainful nodule on the left lateral aspect of the tongue for a number of years 
which had not recently increased in size. Xo further history was available. The nodule 
was excised. 

Gross description. The specimen consisted of a fragment of tissue about 1 cm. square, 
covered on one surface by an intact layer of epithelium. Upon section, the tissue was 
gray in color. 

Microscopic description. Section of tissue submitted for biopsy showed a fragment of 
tongue covered on one surface bj' slightly thickened keratinized stratified squamous epi- 
thelium shoving slight parakeratosis. The epithelial pegs were somewhat broadened but 
the basilar layer was sharply defined. Beneath the epithelium, a few small collections 
of round cells were noted. The bulk of the subepitbelial tissue was composed of rather 
irregular anastomosing bundles of cells which were relatively large, showed both centrally 
and peripherally placed nuclei and contained abundant, distinctly granular, pale-staining 
cytoplasm. Between these groups of cells normal striated skeletal muscle fibers were 
seen. In some situations, muscle fibers appeared to be continuous with these granular 
cells, but this was more apparent than real and represented overlapping of the granular 
cells by striated muscle fibers. In one situation, a transition from a striated muscle fiber 
to a granular cell was noted which laA- in the same optical plane. The granular cells e.v- 
tended up to the epithelium and e.xtended downward to the limit of the section. The 
nuclei of the.se granular cells were for the most part pyknotic and no mitotic figures were 
present. The supporting tissue between the granular cells consisted of both coarse and fine 
fibrils and many groups of cells appeared to have no surrounding, supporting fibrils. 

This is an instance of a typical myoblastoma occurring in a situation in which 
skeletal muscle is ordinarily encountered. It showed the usual intimate ad- 
mixture of granular cells and skeletal muscle fibers seen in these situations. 
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Actual transition in the same plane of section betu'een striated muscle fibers and 
granular cells could be identified in one area. No linear arrangement of fibrils 
or granules was present. As far as can be ascertained, this patient has had no 
recurrence. 


Case 3 

Clinical data. The patient was a 31 year old white male who noticed a lump in his 
abdominal wall about one year before admission to the hospital. He stated that it had 
grown gradually and that lately it had become painful. Ph}'sical examination revealed 
a firm, nontender nodule, measuring 2.5 bj' 2.5 inches, in the left lower quadrant of the 
abdominal wall. The skin was intact over the nodule; there was no discoloration and the 
tumor seemed to be movable over the abdominal muscles. The operative note stated 
that the nodule was situated just medial to the left iliac crest and at the level of the crest. 
The nodule was excised and was found to be adherent to the fascia of the external oblique 
muscle but could be separated from that fascia. 

Gross description. The specimen consisted of a roughly oval mass of fairly firm and 
encapsulated tissue which measured 4 by 2.5 by 3.5 cm. This mass was surrounded by 
a small amount of fibroadipose tissue, was slightly lobulated, cut with slight resistance 
and, on cut section, was gray in color and homogeneous in appearance. 

Microscopic description. Two sections revealed a poorly encapsulated mass of tissue 
surrounded by fat. The tissue was composed of large, poorly defined, cellular structures 
which had a tendency to form an irregular syncytial mass. These cells contained abundant 
distinctly granular, eosinophilic cytoplasm and rather small and densely-staining nuclei 
which, at times, lay in the center of the cells and occasionally near the peripher 3 ". In 
many cells the granular cytoplasm presented a spider-like arrangement. Between .the 
sj’ncytial masses of cells, numerous fine and, at times, coarse connective tissue strands 
divided the mass into irregular alveoli. Careful search failed to reveal any cells in which 
transverse striations could be identified. No skeletal muscle fibers were present. At 
the periphery of the tumor mass, small focal collections of Ij'mphocjdes were occasionally 
seen. The capsule was thin and fibrous and the adjacent fat appeared normal. Sections 
stained bj' the Masson trichrome method revealed that the large, granular cells took a 
red stain, suggesting that they were muscle cells, and frozen sections stained bj' Sudan III 
showed no fat within the large, granular ceils. 

This encapsulated tumor occurred in a situation where skeletal muscle is 
ordinarily not encountered and no connection with the underlying abdominal 
muscles could be demonstrated. The granular cells, however, were identical 
with those encountered in situations where these tumoi's are intimate^ associated 
with skeletal muscle. There has been no recurrence in almost two 3’-ears. 

Case 4 

Clinical data. The patient was a 48 j’ear old white housewife who had noted a small 
painless nodule on the lateral aspect of the tongue. The duration of this gro%vth was 
not known and there was no history of recent increase in size. On physical examination, 
a small, nodule, firm in consistencj’^ and covered by intact mucous membrane was noted on 
the left lateral aspect of the mid-portion of the tongue. It was thought to be a small 
fibroma and was excised. 

Gross description. The specimen consisted of a small, roughlj' oval fragment of pale 
pinkish gra}' tissue, measuring 6 mm. in diameter. One surface was covered by slightly 
roughened mucous membrane and the underij'ing nodule was graj- in color and sharply 
circumscribed. 
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Zhcroscopic description. The section revealed an oval fragment of tissue which %vas 
covered on one surface by a slightly thickened laj'er of stratified squamous epithelium, 
the basal layer of which was sharph' defined. The underljdng tissue was composed of 
of large, circular to oval cells containing abundant coarselv granular and some- 
what eosinophilic cytoplasm. These cells contained single, and at times, multiple, small 
oval-shaped nuclei some of which contained prominent nucleoli. The position of the 
nuclei in the cells was inconstant. The tumor was moderately well circumscribed, but not 
encapsulated, and was irregularly surrounded by masses of skeletal muscle, some of the 
fibers of which penetrated into the tumor nodule and some of which lay deeply embedded 
among the granular tumor cells. In many places, these transverseh' striated skeletal 
muscle fibers overlay granular cells and, at first glance, the granular cells appeared to be 
continuations of the skeletal muscle fibers. Examination under oil immersion showed 
that the majority of these striated muscle cells la\- in a different plane from the underhung 
granular cells.- Only occasionally could ob^-ious transitions from striated muscular fibers 
to granular cells be identified as lying in the same plane. The granular tumor cells were 
supported upon thin fibrous connective tissue septa which, in many places, sent delicate 
fibrils to envelop individual cells but, not infrequently, several cells la.v in apposition 
to each other without obvious supporting stroma. Xo vacuoles were present in any of 
the cells and the nuclei were quite regular in size, shape and staining quality. The granular 
cells appeared to extend up to the limits of removal. 

This case is an instance of granular cell mj-oblastoma arising in a situation 
where skeletal muscle ordinarilx' occurs. It showed an intimate admixture of 
granular cells and skeletal muscle fibers and, in several places, obvious transitions 
from transverse!}* striated muscle fibers to granular cells could be identified. 
The transverse striations at the point of transition were immediately lost and no 
specific longitudinal arrangement of granules could be seen. Although there 
was a doubt as to the completeness of removal of this tumor from a microscopic 
point of \*iew, no recurrences have been noted in two years. 

Case 5 

Clinical data. The p.utient was a 41 year old white male who had noted a slightly ele- 
vated, slate colored and nonpainful nodule on the lateral aspect of the left thigh for the past 
two 3 'ears. Tiiere was no bistort- of a recent increase in size. 

Gross description. The specimen consisted of an elliptical fragment of skin and subcu- 
taneous tissue, measuring 3 bj' 1.5 cm. The skin was slightlj- wrinkled and a few hairs 
protruded from the surface. In the center, a firm, slighth* elevated nodule, measuring 
0.7 by 1 cm., was present. This nodule was covered bj* a iaj'er of thin, graj- skin which 
appeared to be devoid of hair. On section, this nodule presented a homogeneous, j-ellowish 
graj- cut surface whicli could be distinguished with difficultj- from tlie underh'ing adjacent 
dermis. 

Microscopic description. The section revealed a thin, elongated strip of skin which 
was covered on one surface bj' a thin layer of stratified squamous epithelium, the basal 
laver of which was sharplj- defined. The dermis was quite fibrous and conta.ined a few 
scattered hair foilicle.s and a few sweat glands. In the central portion of the specimen 
and in the upper portion of the ‘dermis, aggregates of large, oval cells were seen containing 
large amounts of coarsely and finel.v granular eosinophilic cytoplasm. The cytoplasm 
was not vacuolated. The nuclei of these cells were small and oval in shape and contained 
single nucifoli. The cells within these groups lay in apposition to each other and were 
surrounded by rather compact fibrous connective tissue envelopes which occasionalh- 
sent fine fibrils int o the cell masses. Xo skeletal muscle fibers were present and the groups 
of granular cells were relativeh- few in number. The lesion was rather diffuse and not 
circumscribed. 
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This is an instance of gi-anular cell myoblastoma occurring in a situation in 
which skeletal muscle is not normally encountered. The cells comprising the 
tumor were identical with those seen in situations where these tumors arise in 
skeletal muscle. The lesion in this case was quite small, fibrous and diffuse. 
There has been no recurrence within the past one and one-half A-^ears. 

Case 6 

Clinical data. The patient was a 50 year old white housewife who had suffered from 
hemorrhoids for twenty 3 'ears. About four j'ears before admission, she first noticed what 
she described as a “seed” on one side of the anus. It became larger and painful to touch 
and contact. On phj'sical examination, a nodule about the size of a filbert was noted at 
the 3 o’clock position in the anus. This was regarded as a thrombosed hemorrhoid. 

Gross description. In the largest hemorrhoidal tag immediately underneath the epi- 
dermis, a sharplj' circumscribed but nonencapsulated nodule measuring 1.2 cm. was noted. 
It was roughly spherical in shape, firm in consistency and, on section, revealed a j'ellowish 
graj', homogeneous surface in which no lobulation or granularity was noted. 

Microscopic description. The largest fragment showed a well circumscribed, uonen- 
capsulated tumor nodule composed of fairlj- large, circular cells which contained abundant 
fine and coarselj' granular, eosinophilic cj'toplasm. These cells contained single and, 
at times, multiple nuclei which were uniform in appearance, round to oval in shape and 
contained a single prominent nucleolus. The tumor cells were supported upon thin, deli- 
cate connective tissue strands which, in some places, gave a suggestive alveolar pattern 
to the tumor. Some of these delicate strands surrounded individual cells while other tumor 
cells la 3 ' in apposition to each other without supporting stroma. At the base of the tumor, 
a number of strands of skeletal muscle were encountered which penetrated into the tumor 
itself and here showed an admixture of striated skeletal muscle fibers and granular tumor 
cells. Careful search failed to reveal an 3 ’ transverse striations in any of the granular tumor 
cells. In the center of the tumor, a small collection of epithelial cells was noted. These 
were of basal type, were uniform in appearance and probabb' represented an epithelial 
peg extending rather deepb' and cut tangentially. Near the, base of the tumor, a portion 
of sweat gland was partb" surrounded b 3 ' granular tumor cells. 

This case showed typical granular cells and a slight admixture of skeletal 
muscle fibers but no transitional forms between granular cells and striated muscle 
fibers could be seen. 


PATHOLOGIC CHARACTERISTICS 

The present series of tumors does not differ in any essential respects from those 
previousl}’’ recorded in the literature, 

A^Tile these tumors maj’- appear anjnvhere in the bod)' and in a person of any 
age group, by far the largest number occur in the tongue. Crane and Tremblay® 
stated that 38 per cent arose in this location. The tumors have been reported 

Fig, 1. Low Power View of Graxular Cell Myobl.asto.m.a of .Axtrs, Case C. 
Note admixture of skeletal muscle fibers at base, and thrombosed hemorrhoidal vein at 
left. The defect in the epidermis (upper right) is an artefact. Masson trichrome. X4. 

Fig. 2. Gn.AXCLAR Cell MyoDLASTO.MA of Toxgce, Case 4, Showixg Character 
.VXD .'\rraxgemext of Titical Gr.axular Cells and Rbl.atiox to OvebIiTINQ Epi- 
thelium. Note the admixture of skeletal muscle fibers in upper left hand corner. 
Masson trichrome. X92. 
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in the following situations, in order of decreasing frequenc}": tongue, skin, 
subcutaneous tissue, muscle, maxilla, larynx and vocal cord, breast, mandible, 
lip, trachea and bronchi, ear, alveolar process and anus, with single cases in 
bladder, esophagus, lacrimal sac, floor of mouth, pharjmx, spermatic cord, urethra 
and vulva. It is at once ob\uous that these tumors frequent^ arise in situations 
where skeletal muscle ordinarily does not occur. 

Grossly, these tumors are small, usually from 0.5 to 2.0 cm. in diameter, but 
tumors up to 10 cm. in diameter have been recorded. The tumors are generally 
sharplj'' circumscribed and may even be encapsulated, but instances of poorly 
defined lesions may occur. The cut surfaces vary from yellowish gray to pearly 
white in color and maj'- present a finel}' nodular or fineh’- lobulated appearance. 
Thej’' are usually elevated above the skin or mucous membrane but in certain 
situations, as in the breast, may be more deeply placed. Pedunculated and 
polypoid tumors have been observed. 

Microscopically, the tumors are composed of characteristic; cells which are 
large, varying from 20 to 60 microns in diameter, are usuall3'- poljdiedral, but ma}' 
be c3dmdrical or ribbon-like in shape, and contain abundant coarseb'^ granular 
acidophilic C3'’toplasm. In some of the C3dindricial or ribbon-like cells, apparent 
transverse striations can sometimes be seen, but this is inconstant and rare. 
The relation of striations to these granular cells will be mentioned later. The 
nuclei of these cells are oval in shape, var3dng from 7 to 10 microns in diameter, 
are vesicular and usually contain one prominent nucleolus. At times the nuclei 
are small and pyknotic. The position of the nucleus in the cell is variable and 
cells which are apparentb-- single ma3" show multiple small p3’-knotic nuclei. Mi- 
totic figures were not noted in the present cases but have been observed b3' others 
(Ceelen'‘ and Derman and Golbert^). 

The tumor cells are supported on thin, poorb' vascularized and somewhat 
delicate connective tissue septa which enclose groups of cells giving at times an 
alveolar appearance to the tumor. With Masson’s trichrome stain man3'delicate 
connective tissue .strands are found to penetrate these groups of cells and to 
surround individual cells. Frequentb^, groups of granular cells lie in apposition 
to each other and fail to show supporting fibrils and under these circumstances 
present a suggestive S3mc3’’tial arrangement. Sections stained for fat fail to 
reveal the presence of lipid of an3’- t3’-pe and gh’-cogen stains, in our hands, have 
given consistently negative results. The c3’toplasm of these tumor cells is never 
vacuolated. In none of the present cases was an3’- prolifertion of overbung 
epidermis or mucous membrane noted, although this has been emphasized b3' 
Ke3’’nes’® and Klemperer.^® 


Fig. 3. Details of Giiaxular Cells .\xd Suptortixo Stroma fro.m Graxul.ar Cell 
Mtoblasto.ma of Breast, Case 1. Hem.atoxvlix and Eosix. XoSO. 

Fig. 4. Graxxilar Cell Myoblastoma of Ski.x of Thigh, Case 5. The gnmular 
cells are enclosed in coarse connective tissue envelopes giving the tumor a somewhat 
alveolar appearance. Masson trichrome. X335. 
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DISCUSSION 

Opinions as to the derivation and nature of these tumors differ. The tumors 
viiich Abrikossoff' reported in his original conmiunication all arose from situ- 
ations in v'hich striated muscle is ordinarih”- present. Indeed, a ^'ariable degree 
of intimate admixture of striated muscle fibers and granular tumor cells is a 
constant feature in all granular cell tumors when they arise in these situations. 
Under these circumstances there frequently appears to be, on first glance, tran- 
sitions fi-om identifiable cross striated mu.scle fibers to granular cells, and some 
of the granulai- cells seem to be continuous ivith muscle fibers. In the great 
majority of such findings, careful focusing under oil immersion will show that 
this apparent transition is not real and that actuall}’- a tangentiall}'’ cut muscle 
fiber overlays a granular tumor cell. Onh'- fortuitoush" can undoubted transition 
from striated muscle fibei's to gi-anular cells be identified. Since individual 
skeletal muscle fibers do not alwa3's lie in the same plane and since occasional 
anastomoses occur, it can easih'- be seen how these ma.v assume potyhedral or 
circular forms in various planes of section. Once the granular character in a 
fiber is established the cross stilations appear to be lost. 

When granular cell tumors appear in situations where skeletal muscle is 
ordinarih' not encountered, the problem of origin of these tumors becomes 
somewhat more complex. Under these circumstances an admixture of granular 
cells and undoubted skeletal muscle fibers is not seen and the tumor is composed 
entirely of large circular granular cells. Klinge,^“ therefore, interpreted these, 
tumors as being deilved from “nyyoepithelial” stnictures, but Abrikossoff,- in his 
second report, felt that embiyologic rests (in the sense of Cohnheim) of m^mblasts 
in various situations could account for sites of origin for mjmblastic mj’-omas 
anj'where in the bod,v. While most investigators accept this concept to e.xplain 
the development of m^mblastic m3'omas in situations in which striated muscle 
does not oi'dinaril3' occur, Gra3' and Gruenfeld“ and Gander® were of the opinion 
that tumors arising in these locations were not histogeneticalh’’ identical with 
granular cell tumoi-s ari.sing within skeletal muscle. The striking similarities 
between the cells of these tumors regardless of their location cannot be ignored 
and the majoi-it3’^ of investigators regard all these granular tumors as of m3'0- 
blastic origin. 

The question as to whether m3mblastic mammas simpl3’ represent degenerative 
processes in pre-existing skeletal muscle or aie true tumors composed of prolifer- 
ating nyvoblasts is debatable. Although Abrikossoff*" felt that these tumors 
might be induced b3' trauma, inflammation or degenerative causes, it is obvious 

Fin. 5. PsECDOTRAXsiTiox OK Skei.et.ai. Mcscce Fiber to Gr.a.vci..ar Cei.i. (Ce.vtbr 
.\xij JtJ.sT Bei.ow Ce.vter ok Fiei.w). In real ilj' this is a skeletal imi.scle fiber cut tan- 
gentially which overlays a granular cell. From Case 2, granular cell inj'oblastoma of 
longue. Ma-sson trichroine. X5S0. 

Fig, C. Ge.vci.vk Tr.^.v.sitiox (to Right of Ce.vter) from Skeletal Striated Fiber 
TO Gravi:i.ar Cbi.i,. Under oil immersion this fiber at the point of transition lies in the 
same plane as the adjacent granular cell. From granular cell mj'oblastoma of tongue, 
Case 2. Masson trichrome. X580. 
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that he regarded the tumor as due to proliferation of cells which he called myo- 
blasts and, hence, are new growths in the ordinarih'- accepted sense. The re- 
semblance of these granular cells to so-called myoblasts, as originally described 
by Godlewski’® and subsequently by Wolbach,- forms the basis of the concept 
that these granular cells are true, newly formed mimblasts. These authors"*-^- 
noted a linear arrangement of the cytoplasmic granules which the}’- regarded 
as precursor forms of myofibrils. Klemperer^® noted this in one of his cases, 
but no similar linear arrangement of gramdes was noted in any of the cases 
obser-\'^ed by us. 

On the other hand. Gray and Gmenfeld’* maintained that these granular cells 
were simply degeneration products and have been obseiwed as degenerative 
changes in skeletal muscle following nonspecific ulcerative lesions of the tongue. 
They cited the work of Zechel,-® Franz,® and Marcus who made no reference 
to granular forms of m 3 mblasts in m3mgenesis. Gander® and Civatte and Ducour- 
tioux® also subscribed to the degenerative nature of these granular cells. It is 
interesting to note, however, that those authors who regarded these granular 
cell lesions as degenerative in nature as well as those authors who regarded them 
as true new growths of proliferating mjmblasts have all used the term m}^- 
blatoma in some form to designate the lesion. Thus, these tumors have ap- 
peared in the literature as m^-oblastic mjmma,' m 3 ’-oblastoma, granular cell 
my'oblastoina and rhabdom 3 ’-ome granulo-cellulaire. Since the histogenetic 
nature of these tumors remains in sortie doubt, it would appear that the last 
named term, i.e., rhabdora 3 ’oma granulo-cellulaire, would be preferable as it is 
largel}' descriptive and avoids the que.stion of origin from primitive myoblasts. 

Another important point concerning these granular cell tumors hinges on 
whether so-called m 3 mblastic m 3 ’^omas are all benign or ma}* show malignant 
•variants. Although the great majorit 3 ’- of authors regard these tumors both 
from a clinical and histologic point of view as benign, Abrikossoff* noted a post- 
operative recurrence in one of his original cases. In 1929, j\Ie 3 'enburg’® recorded 
a frankly sarcomatous granular cell tumor and, in 1931, Abrikossoff- classified 
m 3 mblastic mvoinas into four t.vpes, the last of which he classified as nwoblastic 
sai'coma. At this time, he recorded two cases of m 3 ’'oblastic sarcoma, one each 
in the esophagus and urinar}' bladder, in which he found granular tumor cells 
that he regarded as undoubted granular ni 3 ’'oblasts. Horn and Stout’-'* have 
reported recurrence in granular cell m 3 -oblastoma. Howe and Warren stated 
that 11 per cent of the cases collected and reported b}"- them were malignant and 
of these, onl}^ 3 showed proved metastases. Within the last \'ear there has been 
recorded a malignant granular cell m\'oblastoma of the urinar}'^ bladder by 
Ravich, Stout and Ravich,®’ a malignant granular cell m 3 ’oblastoma of the gluteal 
region b}' Ackerman and Phelps® and a case of malignant m 3 mblastoma of the 
skin with metastases to the ovaiy b}' Powell.®® The great majorit}' of grantdar 
cell mx’oblastonras are small and their gi’owth is slow or, at times, even stationar}'. 
Alost of them are both histologicalh’- and clinicalh' benign. It is, however, im- 
portant to recognize that thej* should be completely removed to avoid recurrences 
and that malignant variants do occur. In none of the present series of cases has 
recurrence been observed. 
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While no malignant granular cell m3^oblastomas have been reported in tlie 
breast, Haagensen and Stout^ have called attention to the fact that these tumors 
in the breast maj^ in the gross, closelj- simulate carcinoma and that frozen 
sections must be performed to clearW differentiate these tumors from carcinomas. 
It is interesting to note that granular cell mj-oblastomas in the breast and in 
other situations in the bodj"^ have been erroneously' diagnosed as xanthomas. 

SUM^LARY 

Six additional cases of granular cell niymblastcma (rhabdomyome granulo- 
cellulaire) have been reported. These tumors occur most frequently in situations 
where skeletal muscle normally' exists, but may' be found in many' situations where 
skeletal muscle normally' does not occur. The nature and histogenesis of these 
tumors is not definitely' settled. While the great majority' of granular cell 
my'oblastomas are slow growing and probably benign, they should be completely 
removed to avoid recurrence. ^Malignant variants of granular cell myoblastomas 
occur. 
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ACUTE LIVER NECROSIS IN FULMINATING INFECTIOUS 

HEPATITIS* 

/ 

H. E. TAYLOR, M.D. 

From the Department of Pathology, Dalhousie University, Halifax, Nova Scotia 

During the recent war, our knowledge of the pathology of infectious hepatitis 
became clarified through the opportunity of stud 3 dng many patients Mth the 
disease, under hospital conditions, and by means of liver biopsies. Excellent 
articles by Hard 3 '- and Feemster* and b^-- Sodeman" summarize the facts that have 
accumulated. Dible,- by means of liver biopsies, and Lucke,^ in his classic paper 
on the postmortem findings in 125 fatal cases, showed that the essential lesion was 
necrosis of the parenchjonatous liver cells. 

It is kno^vn that the liver has a remarkable poAver of regeneration which is 
reflected in the fact that the A^ast majoritj’- of the patients suffering from infec- 
tious hepatitis make an uneA'-entful recoA^ery AA'ith complete resolution of the liA'^er 
damage, as proved by biopsies. In other cases, fibrosis and nodular regeneration 
maj’’ occur resulting in the picture of cirrhosis or subacute necrosis AA’ith multiple- 
nodular hyperplasia. A feAV cases, hoAA'eA-er, are seen that present an acute 
fulminating sjmdrome AAith a rapidly fatal outcome. It is the purpose of this 
paper to present the lesions found in the Ih^er in four such cases seen in the 
European theater of operations in the autumn of 1944 and the spring of 1945. 
In Lucky’s'* series, the earliest death occurred on the tenth day, AA’hereas in this 
group the longest period of illness AA'as onlj-- fiA’e days. 

TAA'oof the patients receh’-ed blood and plasma after AA’ounding, and their disease 
might be classified as homologous serum jaundice, since the time interA'^al betAA'een 
their transfusions and the onset of sjrmptoms agrees AAith the longer incubation 
period attributed to homologous sei’um jaundice. It is not possible to be 
definite on this point, hoAA’eA'^er, since the illnesses occurred during a period AA'hen 
many cases of straightforAA’ard infectious hepatitis AA'ere seen. One patient 
appeared to haA^e so-called araenotherapy jaundice, while the other seemed to 
haA’e infectious hepatitis, since there AA'as no historj*^ of either inoculations or 
parenteral therapj^ of any description. Such a classification, hoAA'CATr, Avould 
appear to be irreleA’-ant since the pathologic changes seen in each of these “types” 
is identical and A^ery possibly the same etiologic agent is inA'-oh’ed. The recent 
immunologic experiments of Neefe el al.,^ hoAA’OA^er, suggest that different agents 
maj’- be concerned in the production of homologous serum jaundice and in- 
fectious hepatitis. 


HEPOUT OF CASES 

Case 1 

Clinical data. A 40 year old officer received, on October 10, 1944, multiple grenade 
AA'ounds involving the legs, thighs and arms, and a compound fracture of the left tibia. He 

* Receh’ed for publication, November 19, 1946. 
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was given plasma transfusions and was evacuated to a base hospital in England, on October 
17. Three daj-s later, his wounds v.'ere sutured, the fracture explored and set, and 1000 cc. 
of plasma was given, followed by 1000 cc. of homologous whole blood. His convalescence 
was quite uneventful until December 17, when he complained of malaise, headache and 
upper abdominal pain. Three days later, he became mildly icteric, bilirubin appeared in 
the urine and the icterus index was raised to 25. The following day he was verj- restless and 
delirious. The white blood cell count was 27,200 per cu. mm., with polymorphonuclears 
predominating. The cerebrospinal fluid contained 24 lymphocytes per cu. mm., and 
Pandj'’s test was 1 plus. He gradualJ\'- became comatose and expired the following after- 
noon, five da 3 's after the onset of s 3 'mptoms. 

Autopsy findings. The patient was mildl 3 - jaundiced. The li%'er weighed 910 gm., was 
small and flaccid with a dusk 3 ' red smooth surface- The cut surface was friable and had a 
mottled appearance rather similar to a “nut-meg” liver, due to alternating thin red and 
3 'ellow bands. No large areas of hemorrhage or necrosis, so commonh- seen in acute 3 'ellow 
atrophy, were present. The gallbladder appeared normal and contained a thick green 
mucoid bile that was expressed with difficulty' through the common duct. The common 
and the hepatic ducts appeared normal. The brain felt hea%'y but no particular pathologic 
changes were noted. The spleen was moderately enlarged, soft, mush 3 ' and congested. 
The remaining \dscera appeared normal, while the compound fracture of the left tibia 
showed healing and no infection was present. 

Microscopic findings. The normal architecture of the liver was completely lost due to 
massive necrosis and disintegration of the columns of liver cells (Fig. ]). This process 
was diffuse throughout the entire liver. In the periportal areas a few minute irregular 
islands of distorted liver cells remained. These resembled s 3 -nc 3 'tial masses with irregu- 
larl}' placed nuclei due to the rupture of the normal cell boundaries (Fig. 2). The c 3 'to- 
plasm was vacuolated, while many' of the nuclei showed karyorrhexis. Surrounding these 
nubbins of liver cells, and particularly’ in the portal tracts, was a moderate round cell infil- 
tration consisting of histiocytes, lymphocy’tes, plasma cells and an occasional polymorpho- 
nuclear leukocyte. The bile ducts were prominent but showed no proliferation, nor were 
their cuboidal cells involved with the necrotic process. No bile thrombi were found. The 
remainder of the lobules consisted of the sinusoidal framework containing an eosinophilic 
amorphous material (presumably’ products of liver cell disintegration) and outlined by' the 
prominent, swollen reticulo-endothelial cells (Kupffer’s cells). .\ few small remnants of 
liver cells still containing nuclei were distinguished. The majority' of these contained a 
golden brown granular pigment which failed to give a posi ti ve test for hemosi derin . .\ few 
of the histiocytes had phagocytosed this pigment. Scattered throughout were minimal 
numbers of lymphocy'tes, plasma cells and an occasional poh'morphonuclear. Many of the 
portal vein branches showed a mild round cell infiltration invoK'ing the media and intima 
(Fig. 3). The lumens, however, were every'where patent. 

There w'as a patchy' meningitis, most marked in the depths of the cortical sulci, which 
contained a cellular exudate of histiocy'tes, ly’mphocytes and a few polymorphonuclears. 
The adjacent parenchyma was edematous and granular. Scattered in it were numerous 
structureless globules which stained uniformly with hemato.xylin. In some areas, these 
were arranged about small blood vessels, but there was no lymphocytic “cuffing” present. 
A few similar droplets were scattered in the deeper parenchyma, where they were present 
in much smaller numbers. Similar changes were noted in the medulla where the droplets 
formed a conspicuous band immediately beneath the surface. No gliosis was seen, but a 
mild patchy neuronophagia was present. 


Case 2 

Clinical data. A medical officer suddenly' became ill on December 27, 1944, complaining 
of chills, general malaise and despondency. He had been in excellent health up to this 
time except for a mild upper respiratory' infection and general tiredness, attributed to over- 
work in handling casualties. Within an hour of the onset of his illness, he was admitted 
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to the hospital where his depression was found to be a striking feature. He had previously 
been caring for the patient of Case 1 and declared on admission that he had the same disease, 
although at this time there was no visible jaundice. His illness quickly became serious, his 
depression more marked, and tenderness developed beneath the costal margin. On the 
following day, icterus appeared, bilirubin was positive in the urine and its level was in- 
creased in the blood serum. The leukocyte count averaged 17,000 per cu. mm., the major- 
ity being polymorphonuclears. Examinations of the cerebrospinal fluid were negative. 

Treatment consisted of intravenous glucose saline and methionine, but the patient 
rapidly deteriorated, became dehydrated, delirious, then comatose and e.xpired on Janu- 
arj’- 31, 1945, five days after the onset of symptoms. Ho history was obtained that the 
patient had pricked a finger during operation, or that there was any other obvious method 
of contamination. 

Autopsrj findings. The liver was shrunken, flabby and dusky red. The surface was 
smooth and covered with a wrinkled capsule. The cut surface was friable and presented a 
“ cooked” mottled appearance, thin'deep red areas alternating with similar mustard colored 
ones. The spleen was soft and toxic in appearance. The remaining viscera did not reveal 
any pathologic changes. The brain was not examined. 

Microscopic findings. The changes in the liver were practically identical with those 
described in the above case, except that the process appeared even more marked. There 
was complete disintegration of all liver cells, the few small remaining fragments bearing no 
resemblance to normal hepatic cells. These contained a pigment similar to that seen in 
Case 1 . In addition to the diffuse necrotic process, there was a marked fatty metamorpho- 
sis, large globules of fat forming a lace-work in many areas. The inflammatory cell reaction 
was also more marked, particularly in the portal areas where there was a heavy infiltration 
of round cells with a few polymorphonuclears (Fig. 4) . The involvement of the branches of 
the portal vein was also accentuated. The bile ducts appeared normal and did not show 
any proliferative activity. 


Case S 

Clinical data. A 22 year old soldier presented himself with symptoms of general malaise 
and chills. *He had been in good health previously. About six weeks before, he had 
completed a course of arsenotherapy for lues which now appeared under control. He was 
treated at his regimental aid post for twenty-four hours when he became drowsy. A men- 
ingitis was suspected and he was admitted to a forward hospital. The cerebrospinal fluid 
was clear, but there were 35 cells per cu. mm. There was a polymorphonuclear leukocytosis 
of 18,000 per cu. nrni. and a slight icteric tinge to the skin and sclerae. He rapidly deteri- 
orated, became comatose and died five days after the onset of symptoms. 

Autopsy findings. The liver, spleen, brain and kidneys were removed and sent to the 
laboratory of a base hospital for examination. Gross examination of the fixed liver re- 
vealed a similar picture to that seen in Cases 1 and 2. Although the liver felt firm because 
of fixation, the tissue of the cut surfaces was friable. The brain was edematous and its 

Fig. 1. Case 1. Low power view showing marked disintegration of columns of liver 
cells and round cell infiltration resulting in complete loss of architecture. At the edges 
can be seen a few large “nubbins” of disintegrating liver cells. Hematoxylin and eosin. 
X97. 

Fig. 2. Case 1. High power view of groups of liver cells in periportal area similar to 
those at edge of Fig. 1. Note the loss of cell boundaries, the marked vacuolation of cyto- 
plasm and pkynotic nuclei. They are surrounded by lymphocytes and histiocytes. 
Hematoxylin and eosin. 

Fig. 3. Case 1. Inflammatory cell infiltration of the wall of branch of portal vein. 
Hematoxylin and eosin. 

Fig. 4. Case 2. Low power view in region of portal triad shoving fatty change, necrosis 
and disintegration of liver cells and heavy lymphocytic infiltration. Hematoxylin and 
eosin. 
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convolutions flattened. No gross exudate was noted on the surface of the brain. The 
spleen was slightly enlarged and to.vic in appearance. , 

M icroscopic findings. Blocks from all lobes again revealed the same pathologic features 
noted above. In some areas, there remained small nodules of completely necrotic liver 
cells with a smudged appearance and with masses of greenish golden pigment (Fig. 5). 
Elsewhere, there was marked fragmentation and disappearance of the cells, leaving an 
empty framework in which were scattered small, irregular, deeply pigmented, necrotic- 
appearing liver cell fragments (Fig. 6) . The Kupffer’s cells were very prominent, standing 
out sharply against the empty framework. A round cell infiltration, similar to that pre- 
viously illustrated, was present, particularlj'- in the portal tracts where the portal veins 
were again involved. The bile ducts were normal. Silver stained sections revealed an 
intact reticulum still having the normal lobular pattern (Fig. 7). Histologic sections 
through the midbrain revealed a superficial softening in which appeared structureless, 
hematoxylin-staining droplets similar to those mentioned in Case 1. They were not as 
prominent, however, and there was no meningeal involvement. 

Case 4 

Clinical data. A soldier received a penetrating chest wound with hemothorax which 
subsequently clotted and became infected. He received plasma transfusions along the 
line of evacuation and whole blood at the base hospital. Under penicillin therapy and 
appropriate surgical procedures, he made a good recovery with ree.xpansion of the lung. He 
was completely convalescent and doing light ward duties when he developed chills with 
anorexia. On the second day, he became jaundiced and delirious, subsequently lapsing 
into coma and expiring four days after the onset of this illness. 

Autopsy findings. The liver was shrunken and soft with dusky red smooth surface. The 
cut surface was friable and had a mottled appearance due to irregular alternating areas of 
soft red and yellow tissue. The bile ducts were normal. The brain appeared normal on 
gross examination. .The lungs revealed fibrous adhesions between the parietal and \dsceral 
pleurae, but no exudate was present. Fibrosis and scarring surrounded the wounds from 
which the shrapnel fragments had been removed. The spleen was slightly enlarged, soft 
and mushy. 

Microscopic findings. There was -diffuse necrosis of the liver cells. In most areas, 
however, the outlines of the cells remained. In many, the nuclei had completely disap- 
peared, while in others, karyorrhexis and pyknosis were present (Fig. 8). Many of these 
cells contained a granular yellow pigment. The endothelial cells were prominent and there 
was mild round cell infiltration of the portal areas with involvement of the portal veins. 
Sections of the brain were normal. 


DISCUSSION 

The pathologic findings in the liver were identical in all four cases. In sum- 
mary, they consisted of a widespread necrosis, fragmentation and disappearance 
of the liver ceUs. The portions of cells remaining, which were about one-third 


Fxg. 5. Case 3. Small nodule of completely necrotic liver cells with smudged appearance 
containing granular pigment. Only a few such nodules were present in each section. 
Hematoxylin and eosin. 

Fig. 6. Case 3. Note the marked destruction of liver cells leaving relatively empty 
framework. The few fragments of liver cells contain a granular pigment. Hemato.xj'lin 
and eosin. 

Fig. 7. Case 3. Silver stained section of liver showing the intact reticulum radiating 
outward from a central vein in the upper portion of the field. Wilder’s reticulum stain. 

Fig. 8. Case 4. The fragments of necrotic liver cells with pyknotip nuclei can be seen 
scattered in the lobular framework together with Ijrmphocytic infiltration and histiocytes. 
Hemato.vylin and eosin. 
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the size of normal cells, contained, in many instances, a golden b^c^\^l pigment 
similar to that described by Lucke'* as being a lipochrome, the product of cellular 
disintegration. In some of the slides, this had also been phagocytosed by the 
histiocytes. There was a varjdng degree of round cell infiltration, most marked 
in the portal areas and involving the walls of the branches of the portal vein. 
The Kupffer’s cells were swollen and were exceptionally prominent, standing out 
sharpl}'- in the relatively’’ empty’’ framework. The reticulum in the one case 
examined was quite intact. 

These changes were practically identical with those already described by Dible- 
and Luck4'‘ in cases of infectious hepatitis, homologous serum jaundice and 
arsenotherapy’’ jaundice, with the exception that they w’ere much more w’ide- 
spread. In the many blocks examined from each of the cases, not one completely’ 
normal liver cell was seen and there w’as no evidence of any’ bile duct proliferation 
or fibrous tissue replacement. 

The selectivity’ of the agent involved w’as striking. With uncanny regularity’, 
it affected the liver parenchy’mal cells, sparing the framew’ork and biliary’ epi- 
thelium. The rapidity’ of its action was frightening, when one considers a dis- 
integration of practically’ all liver cells w’ithin a period of four or five days. This 
Avas also reflected in the extremely rapid wasting of the organ. It was estimated 
in Case 1 that there had been a loss in Aveight of liver of appi’oximately’ 600 gm. in 
the fiA’e day’s of illness. 

Clinically, the most striking feature of the patients A\’as apathy, AA’hich AA’as 
prominent from the beginning and A\’as quickly folloAA’ed by’ delirium and coma. 
To Avhat extent this physical state is e.xplained by’ the concomitant finding of a 
peculiar meningo-encephalitis is difficult to assess. In tAvo of the cases, the in- 
volvement of the central nerA’ous sy’stem AA’as prominent; in one, the brain AA’as 
not e.xamined; Avhile in the fourth case, the available slides failed to shoAV any 
changes in the brain, although this patient presented the same clinical picture. 
Luck^,'^ in his series, found an associated mild meningo-encephalitis in 15 per cent 
of cases. 

Since this paper AA’as prepared, Lucke and Mallory’® hav’e published an ex- 
cellent detailed article on the fulminant form of epidemic hepatitis, AA’hich fully’ 
confirms the pathologic findings described here. It is interesting that in their 
larger series, they’ did not find the same degree of inA’oh’ement of the central 
nervous system that AA’as seen in Cases 1 and 3, although they stated that a mild 
nonspecific encephalopathy’ Avas nearly alAA’ays observed. 

SmiRURY 

Four fatal cases of fulminating Ii\’er neci’osis in infectious hepatitis, homologous 
semm jaundice and arsenotherapy’ jaundice have been presented. The length of 
illness from onset of sy’mptoms to death, AA’as four or fiA’e day’s. 

The essential lesion AA’as an e.xtremely’ rapid diffuse necrosis and disintegration 
of the parenchymal liver cells. No normal cells AA’ere found in the many’ blocks 
e.xamined. 

There AA'as an associated meningo-encephalitis in tAA’o of the cases. 



FUWnXATrN'G IXFECnOUS HEPATITIS 


321 


REFEREN'CES 

1. Dible, J, H., and Mc^Ikhaed, J.: Pathology* of arseno-therapy jaundice. Brit. J. 

Ven. Dis., 19: 102-108, 1943. 

2. Dibi-e, j. H., McMiCH.iiEL, J., and Sherlock, S. P. V,: Pathology of acute hepatitis; 

aspiration biopsy studies of epidemic, arsenotherapv and serum jaundice. Lancet, 2: 
402-40S, 1943. 

3. Haede, H. L.jANTjFEEJrsTER, R.: Infectious hepatitis in Massachusetts. Ner.- England 

J. Med., 235: 147-157, 1946. 

4. hvcKt, B.: Patholog)*^ of fatal epidemic hepatitis. Am, J. Path., 20: 471-593, 1944. 

5. LucKf:, B., .4.ND M. 1 .LLOHY, T.: Fulminant form of epidemic hepatitis. Am. J. Path., 

22:867-921,1946. 

6. iSiEEFE, J. R., Stokes, J. Jr., ant) Gellis, S. S.: Homologous serum hepatitis and 

infectious (epidemic) hepatitis; experimental study of immunity and cross immunity 
in volunteers; preliminar}^ report. Am. J. M. Sc., 210: 561-575, 1945. 

7. Sodemax, W. a.: Infectious hepatitis. Am. J. M. Sc., 212: 94-105, 1946. 



AIR EMBOLISM OCCURRING DURING MASTECTOMY: REPORT OF 

A FATAL CASE=*= 


THOMAS K. HEPLER, M.D., JEANNE L. TRUTER, M.D.,t 
AND HENRY F. HUNT, M.D. 

From Ihe Deparlmcnls of Pathology and Anesthesiology,^ George F. Geisinger 
Memorial Hospital, Danville, Pa. 

Air embolism is discussed in the majority of standard textbooks on pathologj'^ 
and surgery without reference to the frequenc 3 ’' of occurrence. The impression 
is gained from such texts that it is a common complication following surgical 
procedures about the neck and shoulders. 

After a fatal case of air embolism complicating a mastectomj'-, the onlj- such 
occurrence during 451 mastectomies performed at the Geisinger Memorial Hos- 
pital, we searched the literature for similar instances. Cases of air embolism 
following surgical procedures about the shoulders and neck have been very rarel}’' 
reported, and to our knowledge no such accident complicating a mastectom}'- has 
been reported within the past 30 j'-ears. 

Furthermore, from personal communications received from several pathologists 
associated with active departments of pathologic anatomy, air embolisnr as a 
cause of death in their experience has seldom been encountered. A few of the 
aforementioned pathologists have observed this condition as a complication of 
artificially induced pneumothorax and/or following vaginal insufflation. None 
reports having observed air embolism resulting from other surgical procedures. 

For these reasons it seemed worth while to record such an occurrence. 

REPORT OF CASE 

A 37 3 '^ear old female noticed a small hard mass in her left breast approximate^^ 
five months prior to being examined at this hospital. Ph 3 'sical examination was 
essentiall 3 ^ negative except for the presence of a hard, freeh’’ movable mass, 
appro.ximatel 3 ' 6 cm. in diameter, in the outer upper quadrant of the left breast. 
The preoperative medication used was sodium pentobarbital gr. 1^ one hour 
prior to operation and morphine sulphate gr. 1/6 plus atrophine sulphate gr. 
1/150 on call to the operating room. The anesthetic agents employed were 
c 3 "clopropane, nitrous oxide, oxygen and ether. Tissue was removed for biops 3 ’' 
and a rapid frozen section revealed adenocarcinoma. A radical mastectom 3 ’- was 
then begun with the patient in good condition. Suddenl 3 ’-, after removal of 
the breast, but with the muscles and axillar 3 ^ fat still intact, a loud sucking noise 
was heard, followed in two or three seconds b 3 '' a similar sound. The sucking 
noise began simultaneous^^ with the severing of a branch of the axillar 3 ’- vein. 
The patient’s color immediately became ashen, the respirations shallow and irreg- 
ular, the blood pressure fell from 120/70 to 70/0 and the pulse was poor in quality 
and its rate 60 per minute. The bag was emptied of anesthetic agents and 100 
per cent ox 3 "gen Avas administered by manual compression of the bag with an 

* Received for publication, December 20, 1946. 
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endotracheal tube in place, but the patient’s color did not improve. The blood 
pressure continued to fall and the pulse became progressiveb'' weaker. Papave- 
rine hydrochloride gr. 1/2 was then administered intravenous!}'. Approxi- 
mately ten minutes after the onset, the pulse was imperceptible and the blood 
pre^re could not be recorded. Ptespiratoiy' efforts persisted for several more 
minutes and then ceased. Artificial respiration was continued with the gas 
machine for one-half hour after which time the patient was pronounced dead. 

Autopsy Findings 

There was a recent ieft mastectomy incision, 21 cm. long. When the peri- 
cardial cavity was opened, the right auricle was found to be markedly distended 
with gas. Prior to opening the heart, the pericardial sac was filled with water 
so that the organ was completely immersed. The heart was opened in mtu. 
When incised, there escaped from the right auricle approximately 60 cc. of gas 
and only a small amount of red frothy fluid. Numerous small gas bubbles were 
observed in the coronar}’’ arteries. There were two interauricular septal open- 
ings, one 1.4 cm., the other 0.3 cm. in diameter. Numerous small gas bubbles 
were present in the mesenteric and internal mammar}’- arteries. 

The diagnoses were recent left simple mastectomy, venous and arterial t}'pes 
of air embolism and interauricular septal defects. 

I>lSCUSSIO^' 

In order for air embolism to occur during a surreal procedure, it is necessary 
for a distended vein ha^ung a negative pressure to be severed, leaving the proxi- 
mal orifice patent. 

The pressure in the right auricle has been shovTi to var}* from —35 to —80 
mm. of water. This variation in the venous pressure is due to the changes in 
intrathoracic pressure. During the inspiraton’' phase of respiration the negative 
intrathoracic pressure is increased which, in turn, increases the negative venous 
pressure in the right auricle, thereby aiding in sucking blood into the chest. 
The increased negative pressure existent in the right auricle is transmitted \rith 
a decreasing gradient through the peripheral veins until the point is reached 
where the pressure in the veins becomes zero and then positive. Therefore, the 
point of zero pressure in the venous system would necessarily vary in distance 
from the right auricle, depending primarily upon the changes in the intra- 
thoracic pressure. The point of zero pressure is more distal to the heart during 
inspiration than during expiration. Because two distinct sucking noises were 
heard in this patient, one may assume that the vein sectioned had a negative 
pressure only during inspiration and a zero or positive pressure during the e.x- 
pirator}' phase of respiration. 

The volume of air in the circulatory s}'stem which-is necessary to produce death 
in man is not kno\TO. The rate of entrance of the air greatly influences the 
quantity that is lethal.^ • = • ® The more rapid the entrance of air into the circula- 
tor}* system, the smaller the volume required toproduce fatality and, conversely, 
the slower the entrance of air, the greater the volume required. 
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Two tj^pes of air embolism have been described, the venous or pulmonary and 
the arterial or systemic. During surgical procedures about the neck or shoulders, 
barring anatomic anomalies, it is the venous type of air embolism which may 
occur. "When this happens, if the volume of air is not too great, the lungs will 
filter the air from 'the blood stream before it reaches'the arterial circulation, and 
thus prevent damage to the brain. In this patient, both types of air embolism 
were found. This occurrence is readily explained by the presence of the two 
interauricular septal defects, and by the development of a pressure in the right 
auricle greater than that in the left auricle. The air entered the axillary vein, 
passed to the right side of the heart and to the pulmonary arterial bed. It is 
believed that the pressure in the pulmonary arterial bed was quickly raised and 
that this increased pressure was transmitted back to the right side of the heart. 
Air and blood Avere then forced from-the right auricle through the patent inter- 
auricular septal defects into the left auricle and thence into the arterial circula- 
tion. 


SUMMARY 

An instance is reported of fatal air embolism, which occurred during a mastec- 
tomy in a 37 year old Avhite Avoman. At autopsy, both arterial and venous types 
of air embolism AA’ere found. 
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FATAL CEREBRAL COCCIDIOIDOMYCOSIS 

Repoet of Case* 

C- XELSOX DAV'IS, M:D. 

A fatal case of coccidioidomycosis affecting the cerebrum is presented. This 
disease is encountered in two forms, primary coccidioidom 3 '’cosis which is a be- 
nign form, and progressive coccidioidomj’^cosis which occurs about once in 500 
cases. This infection is endemic in South Central California, especially in the 
San Joaquin Yalley, and in the southern half of Arizona, western Texas and in 
New Mexico. The disease now assumes increased import^ce because troops 
have been exposed in endemic areas. Thirteen cases of cerebral coccidioidomj’- 
cosis have been reported by the Army Institute of Pathology.® 

The clinical course of this case is similar in many respects to the case reported 
by Hans G. Schlumberger.® There were no cutaneous lesions and the terminal 
phase of coma was of relatively short duration. 

This condition is caused bj" infection with chlamydospores of Coccidioides 
immitis. Man acquires the infection from an exogenous source, most likeh' from 
soil contaminated with fungus. Strains of the fungus pathogenic to animals 
have been cultivated from the soil in endemic areas, and it is thought that the 
fungus is breathed into the lungs with dust or introduced into the skin following 
^nju^ 3 ^ The fungus has not been foimd growing on anj’- vegetative material. It 
is possible that the organism is primarily an animal pathogen and that contami- 
nation of the soil is maintained bj* infected rodents.- 

EBPOET OF CASE 

Clinical data. A male, aged 24, was admitted to the Veterans Service of the Phila- 
delphia Naval Hospital on October 19, 1944. He had been in reasonably good health until 
four months previously when he developed headache, fe%'er and cough. These s 3 -mptoms 
persisted and became progressive. He also complained of night sweats, stiffness of the 
neck, occasional blurred rision and a loss of twentj' pounds in weight. He was admitted 
with the tentative diagnosis of pulmonarj- tuberculosis, but careful studj* failed to confirm 
this diagnosis. His temperature was 99 F., pulse rate 90, respiratorj’ rate 20, blood pressure 
95/70. General phj'sical examination was negative except for poor development, moderate 
emaciation and poor expansion of the chest. Neurologic examination was negative except 
for blurred vision and stiffness of the neck. X-ray films of the skull and chest were nega- 
tive. The laboratory findings were as follows; repeated examinations of sputum, negative 
for acid-fast bacilli ; culture of cerebrospinal fluid, no growth at end of seventy-two hours; 
blood and spinal fluid Ivahn tests, negative; hemoglobin, 12 gm.; er\'throc\'tes. 4,230 ,(XK); 
leukocytes, 6950; segmented leukocytes, 69 per cent; Ij'mphoeytes, 26 per cent; eosino- 
phils, 5 per cent; sedimentation rate, 26 mm.; un'nalj'sis, negative; spinal puncture, pressure 
440 to 510 mm. of water; chlorides, oS4; leukocj-tes, 280; bnnphocytes, SO; protein, 100 'mg. 
Repeated spinal punctures showed from 280 to 46S white blood cells. .After penicillin was 
administered, the niunber of leukocytes in the cerebrospinal fluid was two on each of two 
occasions. The protein level remained high, ranging from 100 to 200 mg. 


* Paper presented before thePhiladelpbia Neurological Society*. Ma^' 24, 1946- Received 
for publication, November 18, 1946. 
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The patient’s complaints persisted. He was cooperative, but at all times appeared 
acutelj' distressed. Each spinal puncture afforded the patient relief from his headache 
for a short period. The neurologic signs gradually increased in severity. The neck became 
increasingly tender and stiff and could not be flexed toward the chest. The deep reflexes 
were diminished. Examination of the fundi revealed a bilateral papilledema, blurring 
of the discs and several retinal hemorrhages about the discs. Seven weeks after admis- 
sion, he developed a paral 3 'sis of the left abducens nerve. 

Electroencephalographj' showed 4 and 6 waves per second and S waves per second 
throughout both hemispheres. Treatment was supportive and symptomatic. Because of 



Fig. 1. Gk.^xulo.uatous Rk.^ctiox with Laxgha.vs Tvpe of Gia-vt Cell 
CoN'TAixiNG Spherule of Cocciwu.m axd Showing ExuosporeForm.atjon. 

X644. 


a history of lues, he was given iodides, bismuth and penicillin. The patient became coma- 
tose in the final week of his disease and expired on January’’ 25, 1945, seven months after the 
onset of his illness. 


Pathologic Findings 

Gross findings in the brain and spinal cord were as follows. The ventricular fluid was 
under pressure, but was clear and watery in appearance. The cerebrospinal fluid was in- 
creased in amount. The convolutions of the brain were somewhat flattened and the sulci 
decreased in size. There was, however, no pressure cone over the cerebellum. Over the 
pons and the lower part of the cerebellum and medulla, there was a pale yellow fibrinous 
c.xudate matting these structures together. The upper part of the cervical cord was softer 
than normal and the normal markings were indistinct. On opening the dura, a pale v’ellow 



CEREBRAL COCCIDIOroOMYCOSIS 


327 


fibrinous exudate was present over the sixth, seventh and eighth thoracic segments of the 
spinal cord, but the spinal fluid appeared to be clear. The brain was pale and the temporal 
lobe was soft. The arteries vrere normal. There was an inflammatory reaction in the 
cisterna ambiens of the subarachnoid space completely occluding the space in that area. 
In the subarachnoid space of the right anterio-lateral aspect of the medulla, there v.-as a 
firm nodule 1 cm. in its greatest diameter which showed no parenchj*mal encroachment. 
The ventricles, including the fourth ventricle, were moderately enlarged. 

Microscopic findings. There were unusual lesions of the pia arachnoid of the brain. 
These showed a chronic granulomatous inflammatorj' exudate. The most conspicuous 



Fig. 2. Gr.vxclowatogs Re.actiox Shov.u.vg Spherules of Coccidioi. 
Double Covtured Cyst W.\ll is Well Visu.ylized in the Upper Sphere. 

X10I2. 


cell was the plasma cell, but there v.'erc also numerous lymphoctyes. polymorphonuclear 
leukocjdes and mononuclear phagocytes. Occasional eosinophils were also seen. Scat- 
tered irregularly through this exudate were multinucleated giant cells of the Langhans’ 
type. Although there were foci of necrosis, there were no definite tubercles. The ex- 
citing agent of this inflammatory reaction was a fungus characterized by large and small 
circular cells ha\'ing thick retractile capsules. Many of these were contained viihin the 
Langhans’ cells. Reproduction did not appear to be taking place by budding, but by di- 
vision within the refractile capsule of some of these cells. There was a terminal lobular 
pneumonia in which none of the organisms could be demonstrated. There was an acute 
passive congestion of the lungs and kidneys and the regional lymph nodes of the medi- 
astinum. So far as could be determined, there was no primary focus in the lungs or hmiph 
nodes. 
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COMMENT 

Although the cultural reactions of this organism are unknown in this case, the 
morphologic characteristics were more suggestive of coccidioides than of torula. 
The patient’s family was uncooi>erative and his military record could not be ob- 
tained. It is not known whether the patient had been in an endemic area of coc- 
cidioidomycosis or in contact with a patient suffering from the disease. As far 
as could be determined, the patient had no focus of infection other than that 
described. 


SUMMARY 

A case is reported of cerebral coccidioidomycosis. During life the patient 
was thought to be suffering from tuberculosis or syphilitic meningitis. 

Acknowledgment is made to Dr. Vincent M.Diodati of the Veteran’s Bureau, Commanders 
Luther 1. Fisher and Robert Norris of the Philadelphia Naval Hospital, and to Dr. Helena 
Riggs, neuropathologist to the Philadelphia General Hospital, for their aid in securing 
histologic illustrations. 


REFERENCES 

1. Ash, J. E., and Spitz, S.; Pathologj”' of Tropical Diseases; An Atlas. Philadelphia: 

W. B. Saunders Company, 1945. 

2. CoNANT, N. F.: Manual of Clinical Mycology. Philadelphia: W. B. Saunders Com- 

pany, 1945. 

3. ScHLUMBERGER, H. G.: Fatal case of cerebral coccidioidomycosis with cultural studies. 

Am. J. M. Sc., 209: 483-496, 1945. 


ISSlSouth 36th Street 
Philadelphia 4, Pennsylvania 



INFECTION WITH LSOSPORA HOMINIS 

REPOBT OF CASE* 

KOBERT A. IMacCRKADY.t IMajoh, MC; ROBERT E. HAYES, Captain*, 

MC, AUS AND EDWARD R. MUGRAGE, M.D. 

Human infection "nith Isospora hominis is neither common nor serious. The 
occasional appearance of this little kno^ai parasite in the stools of sojourners in 
the tropics, ho^'ever, makes the continued reporting of cases desirable. 

A description of this parasite is contained in the textbooks of Todd and San- 
ford’^ and of Stitt, Clough and Clough.® Magath,®in 1935, summarized approxi- 
mateW 200 human cases reported to date and added a case of his own. Most of 
the cases were found during World War I among British soldiers in the eastern 
Mediterranean region. Other cases were reported from China, India, Dutch 
East Indies, Phihppines, Hawaii, eastern coast of South America and from the 



Fig. 1. Photomicrograph of Oocy.st of Isospora hominis Isolated from 
THE Stool of this P.^teent 

United States (mostly from soldiers seizing overseas). The literature was later 
completely reTuewed b 3 ’' Herrlich and Liebmann,- in 1943, who added cases of 
their mvn and discussed the morphologj’’ and life cj’-cle of the parasites. Further 
discussion and case reports have been made bj’’ Beltran and Larenas,^ in 1944, 
Ejskaddon and Renshaw,"* in 1945, and Humphrej’-,® in 1946. 

REPORT OF C.ASE 

The patient, a 26 year old white soldier, a native of Colorado, developed frequent, loose? 
bloody stools and some rectal pain in mid-Yovember 1945, while stationed in Leyte, Philip- 
pine Islands, -\ntidiarrheal mi.xtures were given without relief. His appetite was verj' 
poor. Although the stools became more formed, diarrhea and abdominal cramps per- 
sisted on the boat trip home. A stool was reported negative for E. histohjiica. The pa- 

* Received for publication, January 23, 1947. 

t Present address: Department of Public Health, Dhlsion of Communicable Diseases, 
State House, Boston 33, IMassachusetts. 
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tient had spent two years in the South Pacific, the first two months in Guadalcanal, the 
next fifteen months in Bougainville, and the last months in. Leyte, Philippine Islands. 
The past history was otherwise noncontributory. 

Physical examination upon admission to Fort Logan Station Hospital, Colorado, re- 
vealed a well developed, somewhat poorly nourished man, who was not acutely ill, and who 
had a nasopharjmgitis and tenderness to palpation below the umbilicus. There was some 
excoriation about the anus. Blood pressure was 160/90, pulse rate 96 and temperature 
9S.8 F. Proctoscopic examination by Captain Donald, of the hospital staff, showed many 
small punched-out ulcers with grayish membranes and freely bleeding bases, on removal 
of the end of the instrument. The appearance of these ulcers was consistent with those 
produced by E. histolytica. On two successive days, stools were positive for trophozoites 
of E. histolytica, as well as for occult blood. As an incidental finding, oocysts of Isospora 
homitiis were found by zinc sulphate flotation concentration in the stool on three different 
occasions within a few days. The cysts were few in number and consisted of single and 
double sporocysts. Studies of urine and blood were not remarkable. 

Under treatment with emetine hydrochloride and carbarsone, the patient’s stools quite 
promptly became negative for E. histolytica, and the cysts of Isospora hoininis also promp- 
tly vanished. Examinations of the stool repeated two months and four months after the 
initial positive stool were also negative for Isospora hominis. 


SXJIMMARY 

An infection with Isospora hominis supeiimposed on amebic dysentery in a 
soldier recentlj’’ returned from the Philippine Islands is reported. The Isospora 
promptly disappeared during treatment for amebic dysentery and the stools 
were still negative four months later. 
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EDITORIAL 


The Clinical Pathologist and the Dl^gnosis of 

Tuberculosis 

In 1943, Harold J. Harris (Bull. N. Y. Acad. Med., 19: 631-655, 1943) indicated 
the importance of the foiu recognized laboratory methods in the differential 
diagnosis of a certain disease. He stressed the importance of the laboratory 
in specific differential diagnosis and, by v:a,y of illustration, he told of the chagrin 
of the superintendent of one of the best sanatoriums at the replj*" made to him 
by a patient. The superintendent had just completed the chest examination 
of a 3 mung woman at a follow-up clime. “My dear girl,” he said, “j^ou do not 
have tuberculosis. Whoever made such a diagnosis?” The patient ansvured, 
‘^^ou did, doctor. I spent six months in the sanatorium under 3 ''our care.” 
He had forgotten that he, himself, had made a clinical diagnosis of tuberculosis 
and had confined her to bed in spite of negative sputums and onl}* suspicious 
radiographic findings. Elaborating on this, Hilleboe, Chief of the Tuberculosis 
Control Division of the U. S. Public Health Service, noted (Pub. Health Reports, 
61: 1295-1297, 1946) that no diagnosis of pulmonar 3 ’' tuberculosis should be made 
on the basis of incomplete evidence. Suspicious findings in the film must be 
corroborated by a positive tuberculin test and b 3 '- positive bacillar 3 '- findings. 
Treatment should be delayed and judicious^’- deliberated until all the facts are 
in and aU the e'vidence evaluated. If such a practice is followed universally, 
tuberculologists will gain considerably in accurac}’’ and in skill of diagnosis, and 
limited hospital resources otII be conserved. Most important of all, the person 
suspected of having tuberculosis will be assured thorough and scientific diagnosis 
and treatment, -.ludgments based on positive and complete evidence will give 
a final verdict that protects the indi^ddual and the public health. It appears 
from all this that specific diagnostic data in tuberculosis must be obtained by 
the clinical pathologist. With such a realization, the clinical pathologist is 
requested to fulfill the practical essentials for these diagnoses. 

There are three specific diagnostic tests (Tuberculolog)'-, 7: 108-114, 1945) 
available at present to disclose tubercidosis. They are of proved merit, simple 
performance and of inclusive (but not exclusive) value, unless thev” are not 
evaluated vithin scientific limitations. The simplest and oldest of these, the 
microscopic examination of the stained smear for the presence of acid-fast bacilli, 
implies a presumptive finding which is limited until verification of the existence 
of a tuberculous lesion. The test should not be encumbered b 3 " overindulgence 
in attempts to concentrate specimens or to disclose bacilli in obidoush’^ unfertile 
locations such as the feces. The existence cf a tuberculous lesion is determined 
b 3 ’- other corroborative clinical findings or by biologic verification with the second 
specific test for the presence of tubercle bacilli, viz., simple culture methods, 
which have almost displaced the more expensive method of inoculation of guinea 
pigs for this purpose. These biologic tests should be secured from misinterpreta- 
tion b 3 " a check for the characteristics of tubercle bacilli. Unlike the test for 
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acid-fast bacilli, which is relatively quickly performed, tests for tubercle bacilli 
require time, although the technical procedures of the culture method are simple. 
The third method of specific diagnosis is not new as such. It has been much 
abused in the past, particularly in regard to its proper performance. Now two 
reliable methods are available for testing the presence of tuberculin: allergic hy- 
persensitiveness in a patient. The older of these two methods, the intra- 
cutaneous (Mendel-Mantoux) test, is disadvantageous because of the injection 
method of application, the frequent necessity for several injections with different 
dilutions of tubercuhn, and the caution which must be exercised when testing 
the tuberculous. Most of these disadvantages are overcome by the recently 
devised transcutaneous autolytic tuberculin test (J. Lab. and Clin. Med., 29; 
398-403, 1944; Am. Rev. Tuberc., 48: 443H152, 1943; Ibid., 64; 159-165, 1946; 
Tuberculologj’', 8: 72-77, 1946; Ibid., 8: 55-59, 1946) which obviates the use 
of the syringe and needle. Direct application is made on the skin of one 
strength tuberculin, incorporated in a transparent bland adhesive. It is applicable 
to any person, tuberculous or not, because of the self-limiting nature of the 
reaction it may induce, and can be applied repeatedly mthout possibility of 
mental anguish or of allergic sensitization by subsequent skin testing. 

A widespread use of these three simple specific tests, when indicated, should not 
only aid the diagnosis and control of tuberculosis, but should extend the certified 
diagnosis of this disease into every field of medicine. 


H. J. CORPER 
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Medical Research. A Symposium. Edited by Austin Smith, M.D., Secretary, Council 

on Pharmacy and Chemistry; Director, Therapy and Research, A. M. A." Authors: 

Walter C. Alvarez, M.D.; Milton G. Bohrod, M.D.; Edon M. Boyd, M.D.; Herbert 

O. Calvert, Ph.D.; S. DeWitt Clough; Morris Fishbein, M.D.; H. Lou Gibson; 

Torald Sollmann, M.D., and Austin Smith, M.D. 169 pp., 17 illus., 10 in color! 

$5.00. Philadelphia: J. B. Lippincott Company, 1946. 

Trying to define research is like trying to define God. The best definition is that it is an 
ideal. Here is an attempt to define medical research, and every indi-vndual ivho reads it 
vill differ in evaluation. IMost of the authors have written much and, therefore, in some 
circles, may be considered authorities. However, Sollmann’ preaches curtailment of 
voluminous writing: “work much, print little.” If you have time, read it ; but the best on 
research was written by Claude Bernard and Maurice Arthus in brief terms, like the Get- 
tysburg Address. To Bernard and Arthus, the promise of millions meant little, and .Austin 
Smith’s figures of 69 to 720 million dollars contracted for research would have meant little. 
The trend of industry and government to take over medical research may spell suppression 
of individual enterprise, which stands paramount and is the pivot of .\mericanism as well 
as idealism. There will never be a mold for idealism, for truth, or for research because such 
men as Bernard, Arthus, and Laennec were individualists. As Bernard noted, the u.sual 
processes of research go in spiral c3’cles: (1) it begins with the observation of a fact ; (2) an 
idea takes form as to the relation or meaning of the fact ; (3) an experiment or observation 
is planned to test the idea; (4) this leads to the observation of new facts; (5) new ideas 
take form; and so we are off on a second cj'cle of observation, reflection, and verification. 

Facts are the food of knowledge and, as with other food, both starvation and over- 
stuffing hinder health}* activitj*. The hluse of invention comes to him who deserves her, 
not to him who merel}* waits. “Seek and 3*e shall find.” What matters chief!}* is to drive 
ahead and not to dawdle, and here the old rules of Descartes are helpful. .4.n investigation 
that is not carried through to its logical consummation is apt to be more of a hindrance than 
a help to science. Whether a research be modest or pretentious, it must meet the strict 
criteria of scientific evidence. The observations themselves must be planned with proper 
controls and be sufficient in number to discount accidental variations within the chosen 
limits. Research workers do not spring fully trained from the head of an}* Jo%*e. One can 
hardl}* agree that the laboratories of industr}* and of the government are often necessaril}* 
restricted to problems of more immediate practical application. Certain]}* ideals arc not 
so limited as to exist only for individuals but not for industries or governments made up of 
individuals. ’iVhat about the slogans of industry and government? .4.re they empty 
words? • 

Clough supplies the touch of the pharmaceutical house to the book “where the benefit 
of medical research may be said to culminate,” with elucidai ing revelations. In spite of 
the revelation that the teachers need not necessarily be researchers, Boyd presents an 
elucidating chapter on the university medical school with a criticism of some editors who 
insert their personalities into the authors’ papers. He also offers a criticism of the cumber- 
some, inadequate, redundant, and obsolete publication and book. Six disadvantages to a 
university professorship are listed. .Alvarez champions the physician who will remain 
curious, and Fishbein briefly states that every institution devoted to scientific research 
must take account today of the mechanism by which the results of research are made 
public. Finally, Bohrod and Gibson indulge liberally in using one-fifth of the space on 
photography, reminding one of the x-ray technician who pictures everything in sight with 
stress on graph instead of ology, the latter obviously being most important in research. 

To the research man of some experience, this book contributes little; to the noritiate 
and layman, it will find a place with de Kruif and many other modern popular books. It 
will interest them and therefore fills a place. 

Denver, Colorado ^I* 'I- 
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Practical Malariology. By Paul F. Russell, M.D., Colonel, MC, AXIS, Parasitologj- 
. Division, The Army Medical School, Field Staff, International Health Division, Rocke- 
feller Foundation (on leave); Luther S. West, Ph.D., Head of Biology Department, 
Northern Michigan College of Education, Major, SnC, AUS (Reserve) ; and Reginald D. 
Manwell, Sc.D., Professor of Zoology, Syracuse University, New York. 684 pp., 
238 illus., 8 in color. $8.00. Philadelphia: W. B. Saunders Company, 1946. 

This book gives clinical, laboratory and field information about malaria. Little is 
contributed to our knowledge of the clinical aspects of the disease. The chapter on therapy 
is important for its discussion of the value of atabrine and quinine in the treatment of this 
disease. Data on therapy, accumulated during the war, and hitherto unavailable for 
publication, are included in the book. The authors, in discussing the pathologic changes 
occurring in the disease, have emphasized the role that anoxia may play in the pathogenesis 
of the acute forms of malaria. Scanty support is given to the opinion of “vascular occlu- 
sions as the result of thrombi.” The brief discussion on immunity summarizes the present 
views, but one cannot fail to realize the lack of knowledge on this point. 

. The two chapters on morphology and physiology of the plasmodia give much data that 
may be difficult to find elsewhere. It is interesting to find that the authors have included a 
discussion of plasmodial infections in bats and in the buffalo. 

A large portion of the book is devoted to mosquitoes, their morphology, taxonomy and 
life cycle. The value of this book is enhanced by the inclusion of a discussion of the epi- 
demiology of malaria throughout the world. Preventive measures are presented as the}' 
apply both to military and civilian problems. The experience obtained by the senior 
author while field director of the International Health Division of The Rockefeller Founda- 
tion and Chief Malariologist of the Allied Commission in World War 11 is reflected through- 
out the portion of the book dealing with preventive measures. Anyone interested in this 
phase of malaria no doubt will find many valuable suggestions. The larvicide DDT is 
discussed. 

The book contains a variety of excellent illustrations. The quality of the paper used in 
this issue is much better than that in some recent publications. The data included in the 
table of contents are well selected and conveniently arranged, thus providing access to 
specific information. The index is complete. References at the end of each chapter 
contribute to the usefulness of the book. 

It is the opinion of this reviewer that the authors fulfilled in a most creditable manner 
their task as stated in the preface. “For some time there has been needed a book which 
would gather up the important features of malariolog}', integrating new developments with 
the old and presenting a well balanced account of this disease which, from the standpoint of 
prevalence, some authorities have called the most important in the world today.” More 
information has been included in the 684 pages of Practical Malariology than may be 
found in any other single volume pertaining to this subject. The book is most highly 
recommended for everyone interested in any phase of malaria. 

Zattle Rock, Arkansas R. H. Rigdon 

La Cultura In Vitro Del Midollo Osseo. Problem! Di Fisiopatologia Ematologica Studiati 
Con La Tecnica Della Cultura Dei Tessuti. By A.minta Fieschi and Giovanni Astalm. 
309 pp., 132 illus. 1000 lire. Pavia: Tipografia Del Libro, 1946. 

Although a number of monographs dealing with sternal puncture hav'e been published in 
the past twelve years, this monograph by Fieschi and Astaldi is the first of its kind in 
which such detailed studes of cultures of human bone marrow have been made. The semor 
author is known for his unexcelled monograph on sternal marrow studies, Semeiologica 
de Midollo Osseo: Studio di Morfologia Clinica, published in 1938. The monograph sum- 
marizes the results of nine years of study of bone marrow cultures and includes studies 
of bone marrow from normal persons and from patients with pernicious anemia before and 
after liver therapy, chronic myeloid and lymphatic leukemias, acute leukemia and Cooley s- 
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anemia.. The author utilized an original method of tissue culture derived from a modified 
Orgood’s technic in which cultures were studied after fixation or in the fresh state, either 
unstained or stained, with supravital stains. In addition, in many cases the cultural 
behavior was observ^ed under different gaseous conditions. 

Cultures of normal bone marrow revealed that the normoblasts matured through the 
basophilic, polj'chromatic, orthochromatic and reticulocytic stages in appro.ximately four 
days. Caryogenesis was observed both in the polychromatic and less frequently in the 
orthochromatic stage. Myelocytes lived about three days. Some myelocytes appeared 
to have phagoc3'tic properties. The authors observed that the hemocytoblast, after 
originating from the “hemohistoblast” of Ferrata, is an irreversible element with m.veloid 
function and lacks phagoc\-tic properties. Eosinophils were the most resistant of the 
granulopoietic elements and lived in vitro up to ten or twelve da.vs. The lymphocytes had 
a longer life span than the neutrophils, lacked phagocj'tic properties and did not .^how 
any tendenc}’’ to develop into other cellular elements. There was a close relationship 
between histiocytes and monocytes. The megakaryocytes did not show any phagocytic 
activitv" or evidence of platelet formation. Plasma cells lived in vitro as long as ten or 
more da3's without degeneration. This finding was considered a point against the Pap- 
penheim theor3- that the plasma cell represents a degenerated form. The plasma cel! is 
derived from a plasmoblast which is believed to be of histoid origin. The authors denx- 
the i3'mphoc3'tic origin of plasma cells. 

In cultures from patients with pernicious anemia it was noted that the megaloblasts 
progressively' disappeared, either because of death of the cells, or through maturation. 
In some cultures many- earh’ megaloblasts passed through a micromegaloblastic stage to 
become cells of the normoblastic series, yvhile later stages of the megaloblastic series (poly- 
chromatic and orthochromatic) died or matured to megalocyies. Following liver therapy, 
there yvas a rapid regre-ssion of histioc3'tic hy'perplasia, pronounced regeneration of hemo- 
c3'tobIastic and m3'eloblaslic-prom3'eloc3'tic elements and tendenc3' of the bone marrow to 
return to normal along the lines mentioned aboy'e. These investigators observed normal 
er3'throc3'tes derived from megaloblasts. The continued action of liver extract in vitro 
when it had been administered in vivo was e.xplaincd on the hy-pothosis that the antianemic 
principle is fixed on the raarrov.' ceils. 

Bone marrow cultures from patients with chronic m3'eloid leukemia revealed that the 
hemocytoblast multiplied by* cariocynesis and evolved along my-eloid lines. Normal and 
abnormal t3'pes of m3'eloblasts yvere observed; the latter were never seen in normal ijone 
marroyv cultures. Disturbances in m5'eloid maturation yvere attributed to the prc.scncp of 
abnormal my'eloblasts. 2vlan3' m3'eloblasts matured normalh" but onh' a few functioned 
normalh'. The authors noted a disturbance in the maturation of leukemic lymphocytes 
while the my-eloid cells in the Jy-mphalic leukemic cultures maintaincfi a normal and 
complete independence from leukemic cells. In acute leukemia the great majority of 
hemocytoblasts and m3'eIoblasts consisted of pathologic cells unable, even in vitro, to 
assume a hemopoietic function. 

In a case of Cooley’s anemia it was concluded that the abnormality of maturation resides 
in the nucleus rather than in the cytoplasm of the cell. The tenth and final chapter deals 
yvith car3'ologic activity of marroyv cells in vitro under different conditions, including 
the action of colchicine and penicillin, 

Thisbookiswell printed and has numerous well selected and unexcelled photomicrographs 
and color plates. In some of the diseases the number of cases studied does not yvarrant 
so much discussion and definite conclusions; y-et this work must be accepted as a remarkable 
contribution to our knowledge of marroyv cultures and p,athogenesis of certain blood dis- 
eases. It stresses again the importance of this method of study’ in a field yvhere strict 
morphologic approach would probably be insufficient for an understanding of many blood 
d3'ScrasiBS. 

Chicago Louis R. Li.M.ynzi 
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Manual dc Patalogia Quirurgica. Ed. 4, revised. By Dr. Eafael ARGiiJBLLES. Three vol- 
umes, 1900 pp., 1122 figs. Paper. Barcelona, Spain: Editorial Cientifico M6dica, 

Imprenta Elzeviriana y Libreria, 1915.* 

This book is hardly what the name implies. It is not a text of pathology but a manual 
of clinical and physical surgical diagnosis. Emphasis is given to the pathologic background 
not only for the diagnosis, but for the treatment of many surgical lesions. Written from 
the viewpoint of surgery, the book, as the author himself states, is for the medical student 
and those in general practice who must do some general surgery. It would interest neither 
the surgical specialist nor the pathologist. There is no histopathology in its more than 
one thousand figures. While many of the figures are excellent, they have lost much in 
having been badly printed on poor paper. 

The material devoted to neoplasms, instead of being comprehensively grouped together, 
is widely scattered among the surgical topics and specific subjects are difficult to find. 

Since the book is practical, the reader is not bothered by medical history and the pres- 
entation of conflicting opinions. The material is presented clearly and simply. A short 
bibliography is given at the end of each chapter and most of the references given are to 
German authors. 

Cincinnati W.McK. Germain 

Las Hipeiiensiones Arterioles. Ponencia en el Congreso Nacional de Cardiologia. Dr. C. 

Jimenez Diaz. 181 pp., 1 fig., 2 tables. Paper. Barcelona, Spain: Imprenta Claraso, 

Villaroel, 1945. 

In this monograph the author has given a very complete review of the various theories 
of the etiology of hypertension and of its medical and surgical management. In referring 
to medical management, Diaz notes that strict diet has been abandoned since, instead of 
improving the patient's health, it often contributes to the deterioration of his general state. 
A small section is given to the anali'sis of the results that have been obtained with the use of 
renin. 

The author follows the classification of Keith, Wagener and Barker in dividing hyper- 
tensives into four groups which are determined by their clinical manifestations. The 
monograph ends with a very large and comprehensive bibliography in which most of the 
authors are north Americans. The author has made no noteworthy original contributions. 

W. McK. Germain 

Experimental Hypertension. By William Goedring cl al. 179 pp., 42 figs., 25 tables. 

$3.75. New York: The New York Academy of Science, 1946. 

The past two decades have seen profound alterations in our concepts of arterial hyper- 
tension. In addition to a refinement of the clinical aspects of this disease, its pathogenesis 
has been subjected to intense investigation by e.xperts in various fields of biologj’. JVl- 
though a complete understanding of hypertension is not yet apparent, many facts have 
been established and many chemical mechanisms have been elucidated, as a result of which 
proper treatment of hypertension has become more imminent. 

This volume is a compilation of formal papers and the discussion of them which was 
presented in a conference on the subject held before The New York Academy of Science. 
In the formal papers are included summaries of data and the opinions of the foremost 
contemporarj’ investigators in this field. The present status of the suliject is reviewed 
and the directions in which future research will follow are outlined. 

This book should be read bj'' those who are interested in the experimental a.spccts of 
hj'pertension. It furnishes a starting point for those who maj' not have kept up with the 
reported literaiure. It also offers suggestions for work upon which future therapy will 
depend. 

Detroit S- D. Jacodson 
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Experimenielle Grundlagen zu einer modernen Palhologie. Von der Zellular- zur Molekular- 

pathologie. By Paul Eusse Grawitz, Prof. Dr. med. .359 pp., 120 illus., 6 in color. 

32 Swiss francs. Basel; Benno Schwabe and Company, 1946. 

Grawitz had discarded Virchow’s conception of the cell as the primary tissue unit (“om- 
nis cellula e cellula”) and has replaced it with a hjiDOthesis that cells develop from acellular 
connective tissue. This idea is based on a large amount of experimental evidence, mainly, 
implantation of various tissues into subcutaneous pouches and a variety of other locations 
in rabbits, and subsequent histologic examination after varj'ing intervals. The cornea 
of the rabbit was used for the basic experiments and, later, tissues which were damaged by 
phjxsical and chemical agents. The transformation of the amorphous tissue matri.x info 
cells results from the action of a factor produced by damaged tissues (for instance, secretion 
of wounds). IrVhen the tissue factor ceases to function, the process is reversed; the cells 
become transformed back into connective matrix. Invasion of cells from the tissues of the 
host tvas prevented, according to the' author, by coliodium bags. 

Cohnheim’s theorj' of inflammation which has been the basis of our entire modern 
thinking in this branch of pathologj' is thrown overboard together with Virchow’s cellular 
pathology. 

Grawitz’s ideas seem to be the outgrowth of a family tradition, having been suggested 
by his grandfather, Paul Grawitz, and later elaborated by his father, Otto Busse Grawitz. 
Detailed description of technic and of experimental data occupies most of the volume. 
There are abundant illustrations. 

The book is thought provoking and stimulating. The author expresses the hope that 
others will repeat his experiments and check the results. In this hope we join. Only 
unbiased, critical reinvestigation can permit a fair evaluation of this work which was 
published in 1945 in Spanish and of which an English edition has been announed by the 
author. 

Chicago I. David.soh.v 

OulUnes of Inlernal Medicine. Five Parts. Ed. 5. Edited by C. J. W.ktsox, M.D.. Head’ 

Department of iledicine, University of Minnesota. Paper. $9.00. Dubuque, Iowa: 

William C. Brown Company, 1946. 

Contrasted with the customarj' course of didactic lectures and their weighting with 
excess detail and coloring, these outlines adhere strictly to the business of teaching the 
student the fundamentals of internal medicine. The method used, while pointed and 
direct, allows greater opportunity for clinical observation of patients with direct applica- 
tion of the basic knowledge. As is to be expected in a work of this kind, the material has 
been thoroughly' .sifted, freed of controversy in so far as possible, brought up-to-date and 
presented in practical fashion. Especially outstanding is the section in Part II on diseases 
of the liver and biliary' tract and jaundice by' Dr. Watson. 

Inclusion of a select list of references for collateral reading serves as a constant reminder 
that there are other opinions besides those of the instructor, and that it is wise to in'vesligate 
these for a more complete mewpoint. The arrangement in loose-leaf form permits addi- 
tion of new material as it is developed and accepted in medical practice, lending flex-ibility' 
to the presentation of the subject and making the outlines valuable for current use as well 
as review purposes. 

Detroit William S. Reveno 

The Diagjjosis and Treatment of Brojichial Asthna. By Leslie N. G.vt, M.D., .-Issi stunt 

Professor of Medicine of the Johns Hopkins University' School of Medicine, and Director 

of the .Mlergy Clinic of the Johns Hopkins Hospital. 334 pp., SO figs., 39 table.?, 4 plates. 

$5.00. Baltimore: The Williams & Wilkins Company, 1046. 

The author, who has devoted more than twenty-five years to the study of bronchial 
asthma and its diagnosis and treatment, is Director of the Allergy Clinic of the Johns 



338 


BOOK REVIEWS 


Hopkins Hospital and one of the counto^’s authorities on this subject. From the wealth 
of his e.xperience as a practitioner, teacher and investigator in this specialitj', he has pro- 
duced a book which provides the student and the practitioner of medicine with an adequate 
understanding of, and a proper approach to, this poorly understood disease. The author 
stresses the need for a detailed histor 3 ’- and a careful e.vamination of each individual pa- 
tient, and cautions against indiscriminate use of diagnostic procedures and undue reliance 
upon some of them. He devotes a chapter to the pathology of bronchial asthma, with a 
brief summarj- of published cases and a review of 24 cases with autopsj- at the Johns Hopkins 
Hospital. This chapter, in itself, is a valuable contribution to the knowledge of this 
disease. The diagnosis and the differential diagnosis of bronchial asthma are thoroughly 
presented. A chapter on psychosomatic asthma is convincingly and interestinglj^ written. 
A chapter on the treatment of the disease is a master-piece. It is thorough, practical and 
up-to-date, and reflects the author’s extensive and successful experience. 

This book should be included in the librarj’- of everj' medical practitioner as a ready 
reference. 

St. Paul, Minnesota Kano Ikeda 

Amino Acid Analysis of Proteins. By William H. Stein, Reginald M. .Archibald, 
Erwin Brand, R. Keith Cannan, Hans T. Clarice, John T. Edsall, G. L. Foster, 
St.anford Moore, David She.min, Es.mond E. S.vbll and Hubert B. Vickert. Vol. 17. 
Art. 2. 183 pp., II tables. §2.25. New York; The New York Academy of Sciences, 1916. 
This publication consists of a series of papers presented at a Conference on .'V.mino Acid 
Analj'sis of Proteins held bj' the Section of Phj^sics and Chemistry of The New York Acad- 
em}' of Sciences, October 1915. The topics of the papers include methods of analj'zing 
amino acids in protein hydroij'zates by means of specific precipitants, isotope dilution, 
chromatograph and ion exchange, microbiologic approaches, and by specific enzymes. 
Philadelphia F. William Sunder.man 

Die Scheuermannsche Krankheit und thre Differenlialdiagnose. Bj' J. E. W. Brocher, 
Privatdozent an der Universitat Genf. 91 pp., 122 illus. Basel: Benno Schwabe & 
Co., 1946. 

Juvenile kj’phosis, first described in 1920 bj' Scheuermann, is not well enough known b}' 
phj’sicians in spite of its great frequency. 

This instructive monograph gives information about the clinical symptoms, differ- 
entiation from more serious diseases of the spine, x-raj' findings and treatment. In regard 
to the pathogenesis, the author does not accept the view held by Schmorl who studied the 
anatomic findings in late stages of the disease and believed that protrusion of the inter- 
vertebral disks into dorsal vertebrae is the underljdng cause of Scheuermann’s disease. 
Two photomicrographs and 118 prints of .x-raj's illustrate this precise text. 

Wichita, Kansas C. A. Hellwig 

Vilamine, Hormone Fermente. Ed. 3. By Rudolf .4.bderhalden, Dr. med., Dozent. 
250 pp. 14.50 Swiss francs. Basel: Benno Schwabe & Co., 1946. 

This \’olume, the third edition since 1943, covers \dtamins, hormones and enzymes which 
are treated as a functional unit. Emphasis has been placed on the chemical and physi- 
ologic properties, while only the principles of the laboratory' tests are given. The clinician 
will appreciate the listing of proprietary names of the respective drugs from Swiss and 
German companies and their composition. 

The clinical pathologist will miss a complete bibliography as well as a detailed description 
of the technic of laboratory tests. 

C. A. Hellwig 

Dynamische Reaklionspathologie. By K. v. Neerg.aahd, Professor, Direklor der Klinik 
und Poliklinik fiir physikalischc Therapie an der Universitat Zurich. 307 pp., 26 figs., 
24 Swiss francs. Basel; Benno Schwabe & Co., 1946. 
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This book is an attempt to show that the recent det'elopments in the philosophy of 
science, notably the Heisenberg principle of uncertainty, will change greatly the founda- 
tions of medical science.- The author challenges the view that medicine is applied biologic 
science and that pathologic processes follow chemical or physical laws. The cause-and- 
eSect assumption has no place in v. Xeergaard’s new system of a theoretical “autonomous” 
medicine. Disease is the reaction of the living organism against injuries and the indi-vddual 
reaction is as a rule unpredictable. In the treatment of disease emphasis should be placed 
more on the tj-pe of reaction than on etiologic factors. 

The practical conclusions in regard to medical education and practice form the major 
part of the book. According to the author, clinical observation at the bedside, intuition 
and active therapy, especially phi'siotherapy, should again take the leadership from pathol- 
ogy and experimental medicine with its emphasis on etiology. Medical schools should 
educate general practitioners and the latter should be qualified to treat 90 per cent of the 
diseased. 

Many maj’’ disagree with v. Xeergaard’s conception. His book is significant, however, 
because it portrays the crises and conflicts of contemporary phj'sicians in Europe. 

C. A. Helt.wig 

Renal Hypertension. By Enu.^nno BRAUN-IMEKNkxnEz. Jr.\x C.vrlos F.^sciolo, Luis F. 

Leloir, Juax M. IMuxoz, Aeberto C. Taqcixi, Institute of Physiology, Faculty of 

Medical Sciences and Institute of Cardiology, V. F. Grego Foundation, Buenos Aires, 

Argentina. Translated b 5 ' Lewis Dexter, MX)., Harvard Medical School and Peter 

Bent Brigham Hospital, Boston. 451 pp., 91 figs., 5 tables. $6.75. Springfield, Illinois; 

Charles C Thomas, 1946. 

This volume, attractively printed and well illustrated' is the result of years of investiga- 
tion by disciples of Houssaj', the phj'siologjst. The .Argentinian edition was published in 
1943. The present translation, which is of high literari* quality, incorporates additions in 
text and faibliograph}' bi* the translator, himself a former student of Houssaj'. The mate- 
rial includes much that is universally accepted, as well as features of controversial status. 
Each chapter ends with a brief statement of its contents and conclusions. 

There is a judicious weighing of the significance of the anatomic states frequently found 
inh 3 ’pertensive persons, and of surgical methods emploj'ed in therapj*. The recent report of 
Trueta and his associates (Lancet 2: 237-2.3S, 1946) maj' further emphasize the role of neuro- 
surgerj'. In it is this last sentence, "Finallj*, we believe that hj-pertensionmaj'be the result 
of disordered actiwtj’ of some nerve center or centers from which impulses are sent to the 
same vascular effector-organs as are involved in the [renal] cortical ischemia and medullary 
conge.stion described bj' us.” 

For the general pathologist, the volume of Braun-Menendez and his group serves as an 
excellent reference volume, when used in conjunction with such a work as the recent mono- 
graph, “Benal Diseases,” by E. T. Bell. 

Fort Wayne, Indiana ■ S. ^I. R.absox 

Intracranial Complications of Ear, Nose and Throat Infections. By Haxs Bruxxer, M.D., 

Associate Professor of Otolaryngologj', University of Illinois College of Medicine. 

444 pp., 95 figs. $6.75. Chicago: The Year Book Publishers, Inc., 1946. 

This book of 444 pages, including the index, is divided into two sections. Section I, 
General Introduction, deals with the anatom^’- and phj'siologj' of the brain, its various 
spaces, sinuses and coverings and the spinal fluid, and consists of 82 pages. Section II, 
Clinical .Aspects, comprises the remaining 376 pages. 

The text is adequate!}' illustrated, especialK' Section I. The illustrations consist of 
schematic drawings and photographs of anatomic and pathologic specimens and are es- 
peciallj' striking because of their claritj', simplicity and e.xcellent labeling. 

The anatomy and physiolog}' is written in such a manner that the reader readily under- 
stands wh}’^ various normal and abnormal processes occur when, former!}', they just hap- 
pened with no logical explanation. 
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Section II on Clinical Aspects is a thorough discussion of the pathology, sjTnptomatology, 
prognosis and treatment of every possible intracranial complication of ear, nose and throat 
infections. Although recent use of the 'sulfa drugs and antibiotics has greatly reduced the 
incidence of these complications, there remains a great need for such a compilation as this 
to keep us alert to the possible hazards of car, nose and throat infections. The pathologist 
who is called upon to conduct clinico-pathologic conferences will find this te.\t a valuable 
reference. 

The excellent organization of the subject matter, the ease of expression and technical 
thoroughness reflect the character and talents of the author. 

This is a work the otolaryngologist needs and is eager for; the neurologist, neurosurgeon 
and pathologist can profit greatly by it. It is a valued addition to anj’ medical library. 

Detroit . James E. Croushohe 


The Problem of Lupus Vulgaris. By Robert Aitkex, M.D., F.R.C.P.E., F.R.S.E., Lec- 
turer in Diseases of the Skin, Edinburgh University, Physician to the Skin Department, 
The Rojml Infirmarj' of Edinburgh. 69 pp., 31 figs., 19 in color. Baltimore: The 
Williams & Wilkins Company, 1946. 

This small book is written primarily as a plea for more effective treatment of those 
afflicted with this serious and disfiguring disease. The author particularly emphasizes the 
value of ultra-violet irradiation with the Finsen-Lomholt lamp. Another chapter is 
devoted to the tuberculin treatment of lupus vulgaris which the author believes does not 
deserve the disrepute into which its use has fallen. The incidence of lupus vulgaris is much 
higher in Scotland and especially in northern Europe than in the United States, and its 
treatment offers a serious and neglected problem. The illustrations are unusually good and 
the discussion of treatment is excellent. 

It is to be regretted that tbe writing of this book evident^" just preceded the introduction 
of the “Charpy” treatment (France) of lupus vulgaris with irradiated Ergosterol (D-2) 
plus calcium, or without the latter (Calciferol) as employed in England. The results to 
date with this method of treatment have been so effective that all the older methods of 
treatment will probab^^ become obsolete. 

Detroit L. W. Shaffer 

Essentials of Clinical Proctology. By MaNUee G. Spies.man, M.D., Proctologist, Mount 
Sinai and Edgewater Hospitals, former Head of Cook County Hospital Rectal Clinic, 
Chicago. 238 pp., 62 illus. S4.00. New York: Grune & Stratton, 1946. 

This book on proctology is practical and to the point. It is compact enough to be read 
from cover to cover. The printing is good and the book is well illustrated. There is an 
adequate discussion of such common rectal conditions as hemorrhoids, anal fissure and 
pruritis ani, with directions for home, office and surgical treatment. There is a discussion 
of pectinosis and pectonotqmj^ (a surgical approach to the treatment of tight and painful 
anus). 

According to the author, adenoma is the commonest tumor of the rectum and colon; 
polj’ps are forerunners of carcinomas of the rectum and colon in from 40 to 50 per cent of 
cases; polyps proceed from benignancy to malignanc}’’; the development of carcinoma in a 
polyp depends on the rate of growth of the latter; in a slowly growing polyp, carcinoma will 
probably not develop, whereas in a rapidly growing polyp it is only a question of time 
before carcinoma will appear. 

Detroit S. G. Meters 

Psychiatric Interviews With Children. Edited by Hele.v Lelan'd Wit.mer, Ph.D., Smith 
College School for Social Work. 443 pp. S4..50. New York; The Commonwealth Fund, 
1946. 
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This book is a s5Tnposium by nine competent contributors. Its purpose is to pro'vude 
material to students and practitioners of psychiatrj’^ for the perfecting of their own technics 
in the psychotherapy of children. Ten case histories are given to illustrate the significant 
words and actions and the underljing reasons by which the therapists achieved a satisfac- 
tory solution of their patients’ problems. The book affords delightful reading and is highly 
instructive for anyone interested in problems of human relationships. 

Eloise, Michigan Milton' H. Erickson' 
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Ivo Amazon" Nelson 

Ivo Amazon. Nelson who, "nith his brother, founded the Nelson Clinical and 
Pathological Laboratories of Tulsa, Oklahoma, died October 26, 1946, at the 
age of 52. 

Bom in Para, BrazU, Dr. Nelson received his medical degree from Oklahoma 
University Medical School and served as staff pathologist at St. John’s Hospital 
in Tulsa from 1927 to 1945, when ill health forced his retirement. 

He was a member of the Oklahoma Association of Pathologists and of the 
Oklahoma State Cancer Society. He became a member of the American Society 
of Clinical Pathologists in 1928 and served as Counselor for Oklahoma from 
1932 to 1939, on the Board of Censors from 1935 to 1941, and as a member of the 
Board of Registry of Medical Technologists from 1942 to 1944. 

Paul Roth 

Paul Roth, of Battle Creek, Michigan, died November 7, 1946. He was born 
in Switzerland and came to the United States at the age of 16. A graduate of 
the American Medical Missionary College, he pioneered in the use of o.\ygen for 
medical treatment and in testing basal metabolism. He was a member of the 
Michigan State Medical Society and joined the American Society of Clinical 
Pathologists in 1924. 
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SoCIEDAD CtTBAKA DE MEDICOS LaBORATOBISTAS CliXKXJS 

Dr. Antonio Sellek, president of the Sociedad Cubana De Medicos Laboratoristas Clini- 
cosj-svhovras elected a corresponding member of the American Society of Clinical Patholo- 
gists at the annual meeting in San Francisco in June 1946, has advised the editor that 
his Society has accomplished the follon-ing: 

1. Recognition has been obtained from the Commission on Salaries of the Minister of 
Labor that the physician engaged in clinical pathology is a specialist who should have 
all economic opportunities given those devoted to other specialties of medicine. 

2. A resolution has been dictated by the Director of Health stating that the physician 
is recognized as the only professional man who may direct a clinical laboratory. \^olationa 
of this ruling are to be reported to the judicial authorities and considered an illegal practice 
of medicine and a crime against Public Health. 

3. A commission has been appointed to outline the functions of physicians practicing in 
clinical laboratories in Cuba. 

Dr. Sellek also reported on the Eighteenth Congress of the Pan-American Medical 
Society in Ha\'ana, December 3 to 8, attended b 3 ' delegates from 19 countries including 
the United States, which was represented by members of the American Medical Association. 
At this meeting, the IMedical Charter of Havana was promulgated which declared that: 
each individual in America has the right to enjoj' health; each physician in America has 
rights with respect to liberty and exercise of the professions; it is a fundamental obligation 
of all organizations of American physicians to maintain as a basic point in their programs 
the right of freedom in professional practice. 

The Congress also passed a resolution, introduced by Dr. Sellek, stating that it is offi- 
cially recognized that direction of the climcal laboratory is a branch of medicine which 
should be practiced exclusively by physicians. 

The Mixnesot.a Societt or Cuxical P.athologists 

The Alinnesota Society of Clinical Pathologists has gone on record as favoring the use of 
e.xisting clinical laboratory facilities for Rh determinations and tissue diagnoses. The 
Societ 3 ' has recommended to the l^Iinnesota State Medical Societj- that the existing clinical 
laboratorj' facilities be used rather than those of the laboratorj' of the State Board of 
Health. 

The Societj' also has appointed a committee to investigate the facilities of the Northwest 
Institute of Medical Technologj' and the Minnesota School of Conunerce, both of Minne- 
apolis, and to render a report on its findings and reconunendations in connection with 
veterans’ training under the G. I. Bill of Rights. 

Arrangements are being made to give the first of the recentK' established lectures in 
honor of Dr. A. H. Sanford at the Annual Session of the Minnesota State Medical Asso- 
ciation in June 1947. 

The officers of the Society are Dr. Kano Ikeda, St. Paul, president; Dr. George L. Mer- 
kert, Minneapolis, vice-president; and Dr. Gilbert Kvitrud, St. Paul, secretary -treasurer. 

The Colorado Societt of Clixical P.athologists 

The last regular meeting of the Colorado Society of Clinical Pathologists was held Janu- 
ary 18, 1947, at the Cosmopolitan Hotel in Denver. 

Dr. J. B. McNaught reported on the College of American Pathologists and a sjunposium 
was held on brucellosis, withDr. Miriam Benner in charge. Dr. Charles Davis, Dr. Enid K. 
Rutledge and Dr. Robert W. Gordon led the discussion. 

The next meeting of the Society is scheduled for April 19. 1947. 
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NEAVS AND NOTICES 


Personals 

Dr. Walter I^I. Simpson was recently awarded the following citation by Admiral William 
F. Halsej" for services in the iMedical Corps of the United States Naval Reserve: 

“For meritorious performance of duty while serving as Chief of Medicine and later as' 
Executive Officer of the first advanced naval base hospital to be established in the South 
Pacific area during the period from April 12, 1942 to November 1, 1943. Captain Simpson 
reflected great credit on himself by his outstanding professional ability, leadership and 
keen judgment. As liaison officer he dealt with officials of foreign nations with tact and 
diplomacy, thus contributing materiallj’' to the harmonious relations with foreign nationals. 
As President of the Malaria Control Commission, and Sanitary Commission, he organized 
and initiated the measures which led to the control of malaria and other tropical diseases. 
His courageous conduct was in keeping Avith the highest traditions of the United States 
Naval Service.” 

Dr. Louis E. Marshall, formerly of the Army Institute of Pathology, Washington, D. C., 
was appointed Director of Laboratories at the House of the Good Samaritan Hospital 
in Watertown, New York, beginning January 1, 1947. 



CARDIAC LESIONS IN SUBACUTE BACTERIAL ENDOCARDITIS 

TREATED ^^^TH PENICILLIN 

Report of Nine Cases* 

EUGENE HILDEBRAND, M.D., and WALTER S. PRIEST, AI.D. 

From the Deparimeni of Pathology, A or ihivesicrn University Medical School, and the 
Departments of Internal Medicine, Northwestern University Medical School 
and Wesley Memorial Hospital, Chicago, Illinois 

The efficacy of penicillin therapy in the treatment of subacute bacterial 
endocarditis is well established. In a series of 34 patients treated bj' one of us/® 
there were 12 deaths and autop.sy was performed in 10 of the 12 subjects. In 
each instance, the diagnosis of subacute bacterial endocarditis was established 
by U'pical physical findings and repeated positive blood cultures and was con- 
fo-med at autopsy. 

“Standard initral” and “standard tricu.spid” sections were taken according 
to the method of Gross.- Additional sections of valvar and mural endocardial 
lesions were taken as indicated. Serial sections of the myocardium were not 
made, but in the sections of valves generous portions of the adjacent myocardium 
were included. These sections were stained uith hematoxylin and eosin and 
by the method of Brown and Brenn,- and stains for calcium were made in special 
cases according to the method of Baecher.” 

Detailed study of approximately 450 microscopic sections of this autopsy 
material disclosed pertinent data regarding possible reasons for failure of peni- 
cillin therapy, data regarding pathogenesis and mechanism of healing and evi- 
dence of myocardial involvement. Thus, Ave obtained a better understanding 
of the clinical course of subacute bacterial endocarditis \mder penicillin therapy. 
Clinical data are brieflA- correlated AA-ith the anatomic findings. Only positNe 
anatomic findings are presented and, in general, the pathologic anatomy here 
described is limited to the heart. 

REPORT OF CASES 
Case 1 

Clinical daia. The patient Avas a Avoman, aged 36, Avho had been ill for eight months 
prior to therapj-. A preAdous history of rheumatic fcA-er aa-us doubtful. She receiA-ed an 
aA-erage of 200,000 units of pemcillin per day intermittently oA-er a period of scA-en months. 
Strcpwcocciis viridans aavis recoA-ered from the blood. In vitro, its sensitiA-ity to penicillin 
AA-as 0.02 units per ce. During the numerous courses of interrupted intramuscular treat- 
ment AA-ith penicillin, the blood culture AA-as occasionally positiA-e. Cultures AA-ere taken 
almost CA-eiy- day. During continuous intraA-enous “drip” therapy AA-ith penicillin, a 
negative blood culture Avas obtained on all occasions. Death occurred as a result of boAvol 
hemorrhage, during a course of penicillin therapy in AA-hich heparin Avas administered. 

*Received for publication, Februaiy 8, 1947. Penicillin used in this study Avas supplied 
in part by Commercial Solvents Corporation, Lederle Liboratorics and Scherdey Labora- 
tories, all of Ncav York. N. Y., and by the National Research Council and NorthAvestern 
University. 
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Gross findings. The heart weighed 238 gm. There was a slight degree of diffuse cpi- 
cardial fibrosis. The right ventricle was slightly hypertrophied and dilated. Moderate 
thickening of the free edge of the mitra'l valve was observed and to the valve, near the 
interventricular septum, there was a firmly attached, slightly lobulated vegetation meas- 
uring 8 by 7 bj” 2 mm. which involved both the auricular and ventricular portions of this 
part of the valve cusp. A second vegetation of the anterior leaflet measuring 7 by 4 by 3 
mm. was found which appeared to be partlj' covered by fibrosed endocardium. To the 
right and left of this lesion were multiple minute vegetations at the free margin of the 
valve, the largest measuring 4 by 2 by 1 mm. All vegetations were firmly adherent to the 
valve cusp and were covered by small amounts of fibrin. 

Microscopic findings. In a standard mitral section, the valve was scarred and contained 
many capillaries. In a section taken at the site of the first vcgclalion described grossly, 
the latter surrounded the distal portion of the valve. The vegetation was found to be 
composed of much fibrin with enmeshed, intact or fragmented red blood corpuscles, oc- 
casional masses of polymorphonucrear neutrophils, scattered mononuclear cells and oc- 
casional clumps of bacteria in varjdng stages of disintegration. Blood cultures taken 
nearly every da.y for thirlj' days prior to death, had all been negative. At the base of the 
vegetation, there was a small amount of granulation tissue. In this granulation tissue, 
a capillary was found to be completely filled with bacteria (Fig. 16) . This observation was 
confirmed by the Brown and Brenn stain. In a standard tricuspid section, the valve was 
slight!}’ scarred, but the endocardium was intact. In one section of cardiac muscle, a 
fusiform area of abscess formation was noted immediately adjacent to, but not surrounding, 
an arteriole (Fig. 17) . The cells of this infiltrated area were mainly lymphocytes, but there 
were also scattered, irregularly outlined, large cells with densely staining basophilic 
cytoplasm. Typical fibroblasts infiltrated all margins of this area and seemed to merge 
distally with the immediatel}’ adjacent fibrous tissue. Xc typical .\schoff cells were noted. 
In another section, a capillar}’, surrounded by a few lymphocytes, was found to be filled 
with fibrin. X’o bacteria were found in this capillary or in the adjacent tissues. 

Case 2 

Clinical data. The patient was a woman, aged 46, who gave a history of j)revious rheu- 
matic fever and had been ill for twenty-six weeks before therapy was instituted. She 
received an average of 200,000 units of penicillin daily for twenty-five days. Streptococcus 
anhcmoli/ticHs was recovered from the blood; its sensitivity to penicillin in vitro was 0.02 
units per ce. Blood cultures became negative within twenty-four hours after therapy was 
instituted and remained negative. Death from massive pulmonary atelectasis occurred 
on the twenty-fifth day of therapy. 

Gross findings. The heart weighed 500 gm. Two vegetations, the larger measuring 
1.5 cm. in diameter, were seen attached to the left side of the base of the pulmonary artery 
(Fig. 2). They appeared to bo attached to an atheromatous plaque. Several other firm 
vegetations on the ventricular surface of the aortic cusps were markedly shortened verli- 

Fig. 1 (Case 9). Acute fibrinous pericarditis ami multiple petechial hemorrhages. The 
blood culture was negative prior to death. Dicumarol had been administered to the 
patient. 

Fig. 2 (Case 2). Fresh vegetations at the base of the pulmonary artery. Patient had 
received injections of heparin with penicillin. 

Fig. 3 (Case 9). Marked destruction of aortic x-alve by ulceration and calcification in 
spite of 19 weeks of treatment with penicillin and blood penicillin levels 2.5 times the sen- 
sitivity of the organism in vitro. ^Iic^oscopically, there were thin layers of bactcria-frec 
fibrin overlying tlie ulcerated areas. 

Fig. 4 (Case 5). Healed lesions of the mitral valve. Some of the chordae tendineae are 
calcified, others have rujitured. Xo anticoagulants were administered to the patient with 
the penicillin. 

!• IG. 5 (Ciise 41. \'egetat ions grossly showing advanced stage of healing, but microscopi- 
cally (see Fig. 11) still showing fibrin laden with bacteria and acute 'nflamniatory reaction. 
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callj'. Slight thickening of the margins of the mitral valve cusps was noted, but no vegeta- 
tions were seen. 

Microscopic findings. A section of the aortic valve lesion showed almost complete 
destruction of the cusp with replacement bj' a large vegetation which was composed mainh- 
of fibrin and masses of partly disintegrated bacteria. At the base of this vegetation was a 
large amount of granulation tissue containing many polymorphonuclear neutrophils. 
These acute inflammatory cells were limited to this area and did not extend into the over- 
lying fibrin in which the bacteria were present. The endocardium at the base of the vegeta- 
tion was partly intact'and beneath the endocardium was a localized thin laj-er of fibroblasts 
and mononuclear cells. An occasional eosinophil was seen, but no polymorphonuclear 
neutrophils were present. A section of the lesion of the pulmonary arlcry showed changes 
which closely resembled those described above. 

Except for the poljTnorphonuclear neutrophil reaction, the vegetations of the 
aortic valve and pulmonary arterj' were t3'pical of those encountered prior to 
penicillin therapy. Yet, heparin was used and frequent blood cultures were 
all negative during the entire course of penicillin therapy. 

Case S 

Clinical data. The patient was a woman, aged 33, who gave a history of previous rheu- 
matic fever and of having been ill for five months prior to penicillin therapy. Cultures of 
blood were positive for Streptococcus viridans; in vitro, the sensitivity of this organism to 
penicillin was 0.04 unit per cc. The patient received an average of 200,000 units of penicillin 
daily for twenty-nine days, which resulted in apparent clinical and bacteriologic cure. 
She felt well and her temperature was generally normal but occasionally rose to 100 F. 
Following treatment, she remained under observation for fortj' days, during which period 
she had four episodes of minor embolism, the sedimentation rate persisted between 30 
and 40 mm. per hour, and 15 blood cultures were taken, all of which were negative. She 
was readmitted eleven weeks after completion of the first course of therapy and four weeks 
after discharge from the hospital with unmistakable clinical signs of active subacute 
bacterial endocarditis. Repeated blood cultures were negative. She was given 300,000 
units of penicillin daily for twenty-six days. Streptococcus viridans was recovered from 
the blood two days before death; its sensitivitj’ to penicillin, in vitro, was 0.04 unit per cc. 
Death, due to congestive heart failure, occurred six months after the initial therapy with 
penicillin and five weeks after the second course. 

Gross fmdhigs. The mitral valve was markedly scarred. Several minute, firm vegeta- 
tions, apparently covered bj^ endocardium, were attached to the margins of the leaflets. 
Two vegetations were attached firmly to the chordae tendineae. Some scarring of the 
auricular endocardium was present and areas of roughening and infiltration extended 
upward on the left side of the left auricle for a distance of several centimeters. In this 
region were noted a few small areas of ulceration surrounded by marked scarring. The 
other valves showed no vegetations. 

Microscopic findings. The standard mitral section showed diffuse thickening and scarring 
of the %-alve. Much of the scar tissue was liyalinized and relati\-ely avascular, but a few 
capillaries were found. The auricular surface of the valve, a short distance from its free 

Fig. G (Case 5). Thin laj-cr of organizing fibrin with regenerating endothelium. The 
regenerating endothelium showed up well in the slide, but is not shown well in the figure. 

Fig. 7 (Case 5). Minute area, devoid of endocardium, covered with a thin layer of bac- 
teria-free fibrin (right upper portion of field); fibroblastic invasion of the fibrin and under- 
lying valve substance; and (in the left lower corner) marked calcification. Blood cultures 
were negative prior to death. 

Fig. S (Case S). Low power photomicrograph of a portion of a small branch of the pul- 
monary artery showing one of two true vegetations undergoing organization. 
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marRin, was tlie site of a small, slightly elevated, irregular vegetation. Its size was ap- 
proximatel}’ one-half the diameter of a high power field and it consisted of masses of bacteria 
and fibrin. Within the undcr^’ing vah’e substance, there were a few fibroblasts and capil- 
laries, but no polymorphonuclear neutrophils. A short distance distally, at the free margin 
of the vegetation, were masses of bacteria which seemed to surround a chorda. Poly- 
morphonuclear neutrophils were seen in the vicinity of the bacteria. A section from the 
area of ulceration of the left auricle showed absence of part of the endocardium. A vegeta- 
tion in this area contained clumps of bacteria superficially enmeshed in fibrin. The under- 
lying granulation tissue contained many mononuclear cells and plasma cells and an 
occasional polymorphonuclear neutrophil. The standard tricuspid section showed scarring 
and thickening only. Bacteria were found in a postmortem mural clot adjacent to this 
valve. 

Case 4 

Clinical data. The patient was a man, aged 65, who gave no bistort’ of previous rheu- 
matic fever and was ill for two months prior to penicillin therapy. Streptococcus viridans 
was recovered from the blood; in vitro, its sensitivity to penicillin was O.S unit per cc. He 
received from 200,000 to 300,000 units of the drug dailj' for sixty days, during which time 
transitory cncci)halitis and Broca’s aphasia developed. Death was apparently due to 
uremia. 

Gross findings. The heart weighed .390 gm. Its consistency was generally decreased 
and the myocardium was brown in color. The endocardium, c.xcept for the valves to be 
described below, apiJeared normal. The mitral valve ring measured 13 cm. in circumference 
(Fig. 5). The free border of the valve was moderately thiekened and contained three 
nodular elevations, the largest of which measured 1 cm. in diameter. These were irregular 
in shape, friable, rod in color at the distal end, shading to light yellow at the bases and 
extended Kj involve a small portion of the adjacent auricular and ventricular surfaces of 
the valve. Tiic bases of the lesions appeared scarred. The slightly scarred tricuspid 
valve revealed an area of ulceration mca.suring approximately 0.5 cm. in diameter on the 
auricular surface of the sei)tal leaflet. The ulcer was covered with two minute reil verrucose 
projections, the larger of which measured 2 mm. in diameter. 

Microscopic findings. Tiic standard mitral section showed marked scarring of the valve. 
The vegetation noted grossly contained much calcium beneath which was a large amount 
of granulation tissue containing a variable number of ])olymorphonuclcar neutrophils. 
Overlying the calcium w.as much fibrin containing many masses of bacteria and enmeshed 
intact red blood corpuscles. One area revealed alternating layers of partly organized 
fibrin and bacteria (Fig. 11;. Xumerous capillaries, some of them thrombosed, were 
present in the adjacent scarred valve. None was found to contain bacteria on examination 
of serial sections. The standard tricuspiit section was tak(>n to include the ulcer noted 
grossly. The valvar area, which grossly appeared ulcerated, revealed marked scarring 
and it was found that endocardium covered projecticuis of scar tis.suc. .\’o fibrin or bacteria 
were demonstrable. 


Case 5 

Clinical data. The jtatient was a woman, aged 34, who gave no history of previous 
rheumatic fever and had been ill for approximately eight months prior to therajty. Strepto- 


1'h:. 9 (Case 3). Low (tower })hotonjicrogr.i|)li of valve lesion showing collections of bac- 
teria covered by a layer of fibrin atxi (datelets. 

Fic. It) (Case G). Colleclion.s of bacteria on the free margin of the thin layer of 
fibrin covering retimant of the vegetation. Blotid (-ulture was negative jtrior l<i time of 
death. .A, calcium; B, bacteria; C, fibrin. 

I'lc. 11 (Case 4). Low [tower [tholomicrograiih showing layers of filtrin (.A) in varying 
.stages of organizjilion with a zone cif bacteria (B) near the surface and between each layer. 
The jiatient rcceiv'ed anticoagulants lliroughoul two courses of (tenicillin therapy. 
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COCCUS viridans was recovered from the blood; in vitro, its sensitivity to penicillin was O.Oi 
unit per cc. She had been treated elsewhere for muny weeks, with daily doses of the drug, 
ranging from 100,000 to 200,000 units, without apparent elTect upon the clinical course of 
the disease. She was given 400,000 units of penicillin dailj- for thirty days. Blood cultures 
became negative promptly after therapy was instituted and remained negative. The 
temperature, leukocyte count and sedimentation rate gradually became normal, but con- 
gestive heart failure developed on the twenty-fifth day and death ensued on the thirtieth 
daj' after the onset of treatment. 

Gross findings. The heart weighed 320 gm. The left ventricle was slightly dilated; 
the m 5 'ocardium was somewhat thinned, but otherwise apparently normal. The endo- 
cardium appeared normal except for the portion covering the mitral valve which showed 
several minute, brownish cream elevations, ranging from 2 to 7 mm. in diameter. The 
chordae tendineae were thickened, somewhat roughened, and five of them were broken 
(Fig. 4). Segments of the ruptured chordae tendineae extended from 2 to 7 mm. from the 
margin of the anterior leaflet. A roughened area was seen on the ventricular side of the 
cusp and an irregular minute patch of roughening was seen on the posterior wall of the 
left auricle. 

Microscopic findings. Standard mitral sections revealed an intact endocardium over 
the scarred valve. The valve contained occasional capillaries and small masses of calcium. 
The adjacent myocardium disclosed no change except for slight diffuse fibrosis in scattered 
areas. In a section from the lesion of the mitral valve there was a defect in the endo- 
cardium in a very small area which was covered with a thin layer of fibrin, but no bacteria 
were seen. A few polymorphonuclear neutrophils and large mononuclear colls were found 
in this fibrin. INIanj' fibroblasts wore present in the underlying valve substance in which 
there was marked calcification (Fig. 7). In one portion, regenerating endocardial cells 
were seen overlying minute areas of organizing fibrin (Fig. 6). Sections of the left auricular 
wall revealed minute areas devoid of endocardium, beneath which were changes similar to 
those described above. 

This is the only instance of all the patients who came to autopsy in which all 
the clinical and laboratory findings indicated recovery from the infectious proc- 
ess. It is, therefore interesting to note that endocai-dial regeneration was 
incomplete, and that the denuded surface was covered by a thin layer of fibrin. 

Case 6 

Clinical data. The patient was a woman, aged 23, who gave a history of previous rheu- 
matic fever and had been ill for approximately ten weeks prior to penicillin therapy. 
Streptococcus viridans was recovered from the blood; in vitro, its sensitivity to penicillin 
was 0.04 unit per cc. She was treated almost continuously with jjenicillin over a period 
of nine months, the dosage varying from 100,000 units to 2,000,000 units per daj', but her 
blood (jultures did not become permanently negative. During one course of therap}', 
lasting four weeks, 2,000,000 units per daj' were administered. Death occurred three days 
after starling a course of penicillin combined with Dicumarol and was due to ma.ssive 
cerebellar hemorrhage. 

Gross findings. The heart weighed 210 gm. Two vegetations were found on the mitral 
valve. One of these was 5 mm. in diameter and light grayish tan in color and was found 
hanging by .a thin thread of fibrous tissue 2 mm. in length. The other vegetation, at the 
edge of the valve, measured 4 mm. in length, was raised about 1 mm. above the surface, 
was irregular in shape and light pink in-color. There was slight thickening and fibrosis of 


Fig. 12 (C ase 7). Bacteria invading endocardium. 

Fig. 13 (Case 7). Multinucleated giant cells in the granulation tissue at the base of a 
healing vegetation. 
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tJie v«lvo .-if. tlin Jino of closma. The aortic. tricusj)id and puliuonie v.aivcs sliowed no 
change. 

Microscopic fmdinqs. Tlie standard mitral section, taken through tlie larger vegetation 
noted grossly, revealed the lesion to occupy both surfaces of tlie valve edge and to he 
composed of (il)nn containing manj- masses of bacteria and some calcium (Fig. 10). No 
evidence of inflammatory reaction was observed. The ijroximal p.ortion of the valve was 
markedly scarred and contained an occasional capillary. 

Case 7 

Clinical data. The patient was a man, aged G9, who gave no history of previous rheu- 
matic fever and had been ill for three months prior to penicillin therapj'. While on our 
service, he received 500,000 units of jjcnicillin daily for twenty -eight days. Gultuics of 
the blood revealed Streptococcus viridans (in ritro its sensitivity to i)enicillin was 0.1 unit 
])er cc.). Cultures became negative almost immediately after instituting Irefttmcnt, and 
remained negative <luring treatment and during a subsequent j)criod of twelve da 3 -s of 
observation in the hosi)ital. The patient appeared to have achieved a clinical cure. On 
the twelfth daj' after t reatment was stopped, a routine blood culture showed Staphijlococcns 
aureus which, at the time, was considered to be a contamination, but two cultures on the 
following daj’ revealed the same organism. The patient had a severe chill, his temi)erature 
rose to 101 1'k; he showed evidence of a right sided hemiplegia, and died a few hours later. 
Siaphylococctis aureus was recovered from the heart’s Idood at autops}'. 

Gross Jindings. The aortic, pulmonic and tricuspid valves showed no change. The 
mitral valve was markedl.v thickened and several small, friable, slightly elevatetl red 
vegetations seemed to overlie scar tissue of the valve. The vegetations occurred on the 
auricular surface of the valve and occupied approximatelj' half of the anterior cu.sp and a 
small amount of the medial i)ortiou of the posterior cusp. The chordae tcndincac revealed 
thickening, scarring and shortening. 

Microscopic Jindings. A section of the mitral ralcc revealed marked scarring. There 
were many ai)parcntlj’ new capillaries and fibroblasts which seemed to run parallel with 
the .surface. One of these capillaries contained masses of bacteria (Fig. 15). The mid- 
portion of the section showed ulceration of the endocardium with main' superficial clumps 
of bacteria and an underh'ing mass of fibrin and red cells. The b.ase of the ulcerated area 
contained manj- pol.vmorphonuclcar leukocj'tes and a large number of mononuclear cells 
wliich seemed to bo embedded in the fibrin. Maii 3 ' fibroblasts and capillaries were also 
noted. The capillaries near the surface of the valve were filled, in part, with fibrin and, 
in part, with a mixture of clumps of pol 3 nnorphonuclcar leukocytes and red cells. These 
fibrin-filled capillaries were found on serial section to be continuations of more pro.ximal 
capillaries filled with intact red blood cells. ^Ian 3 '’ h'mphocytes, large mononuclear cells 
and a few pol 3 'morphonuclear neutrophils surrounded the dilated capillaries. A clump 
of approximatel 3 ’ 100 stajilndococci was found deep within the scar tissue of the base of the 
ulcerated area. Serial sections revealed the bacteria to bo within a capillary and to be 
extending into the adjacent scar tissue. No evidence of inflammator 3 ’ reaction or of 
granulation tissue in the region of this capillar 3 ' was noted. In additional sections, scvmral 
endocardial cells revealed evidence of degeneration with partial fragmentation of the 


Fn:. 14 (Cfase -f). Focus of acute mvocarditis. 

Fic. 15 (Case 7). I.ow power photomicrograph of section from near the midi)ortion of the 
mitral valve showing bacteria within a capillaiw with invasion of the surrounding ti.ssue bx' 
bacteria. Macteria were demonstrated to be cocci in clumps, but no chains were seen and 
blood culture at the time of death revealed Stnphgloroccns aiirri/s. Tlio j)ati(‘nt had ap- 
parentl\' recovered from a Strcplucoccus riridans endocarditis. 

Fic. 10 (Case 1 ). Hacteria-filled cai)illarv at the base of a vegetation. .Vt the inarginof 
the vegetation are seen sm.all collections t>f fibrin with enmeshed cocci in short 
chains. Blootl cultures were negative i)rior to death. Surrounding the capillar 3 ' are 
niassc.s of polvinorjjhonuclc.ar ?ieutrophiIs. a few mononuclear cells and an occasional large 
phagocytic cell. 
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<'yloi)]astii and pyknosis of the tttirlci. The.-e fiefrofierntiiic cells contained cocci varyirip 
in nutnher from 2 to 20. Bacteria were ftnind to eslend a sliorl distance honeath the endo- 
cardium in t)io involved area (I’ip. 12). 


Caf:c h' 

Vlinintl dutn. The patient w:i,« a man.atjcd I'l, who pive ft history of previous rheumatic 
fever and had In'cn ill for approxim.'itcly five montlir prior to penicillin therapy. Stnpto- 
ciicoif: viiidnns, having n .sensitivity to penicillin iti ritm of (>.(l units percc.. wa.s recovered 
from the hloral. lie. had received .TW.tKV) units of penicillin daily forone month at another 
lio.spital. While under onr etire. p>*niciitin v.:is piven for twenty <lays. in dc.s:tj;e.s up to 
2.0(K'),0(K) tiniis dail.v. 'I'he total .amount of penicillin administered was .'iO.oo-'j.fp^ unit?. 
Death w;i-s due to contrestive heart failure with renal and cerchral coinpliimtions. 

f/ross Jludjti'j-:. The heart weit;he(i Iji'i Km. There wa.s marked'tldatatinn of the left 
ventricle and .sliphi dil.afaliim of the riithi; The mitr.ai v.alve w.a.s .sinonth ami free from 
Ihronilii or vegetations. On the aortie valve there were three proups of firm, red. irrefrubr 
vcKctation.s, one sroup heinj: pre.-^ent on the ciuitral jiortion of the free edfie of eaeh cu-sji. 
The. larKe.st vcKetation inea.sured 1.7 ein. in uiilth ami ptojertctl ititii the cavity of the 
ventricle for an evttuit of ahout ! ein. There appc.nred to he some scarring hene.'ith the 
vegetations. The tricuspid and pulmonic valv<-s showed no cliange. 

M irrijxcifjiif Jiiidifiijr. The fti;r:dnrd I’litHil .•rrUiii, revealed marked scarrim: and .“mnll 
amount.*- of finely divided calcium. .Nertion of the right posterior ciisf/ of tlic auilic refre 
.showed .slight scarring with niarla-d thickening of the ili.stal one-fourth. It containc*! 
many lua.sses of calcium. 'I'hc endocaalium was defective and was replaced hy fihrin con- 
taining many po!ymorphonuc!c;ir neutrophils The fiiirin seamed to extend from the 
end of the valve* in a iinger-like process conriiining three rnas-cs of calcium amj small clumps 
of hiK'teria at the pcrijihcry. Overlying tie* fihrin w.-is a tliin layer of jKilymorphcinuelcar 
ncutropliilii* infiltnuion. which, in turn, wa.s covered hy .a .slightly thicker l.aycr of red 
blood cells and .scattered Icukocyie.s loosely ennie.shed in fine fihrin. Two true vegef.ations 
were noted in .a .small hranch of the pulm/narit arlrr<i. Tiic.se were both e.ssentialiy similar 
to that de.scribcd above, containing fibrin, polymorphonuclear neutrophils and numerous, 
seattered, minute ni:isse.s of hlood pigment. However, no baeteri.a x^ere found (Hg. S). 

(use 9 

Clinical ditla. The pat lent was a man, aged ."ft. who gave a history of previous rheumatic 
fever and had been ill for approximately two and one-half month.? before coming under our 
care. He had been previously treated with 2l)0,fXX) units of penicillin daily for three weeks 
and xvas discliarged as cured. He wn.s nxadmitted four week.? later with tyjiical clinical 
findings of subacute b.'ietcrial emlocarditi.s. Cultures of blood revealed atypical Strcpta- 
cocrtis riridnnft wliieh, in rilro, showed a sensitivity to penicillin of O.S unit per ce. Peni- 
cillin was administered eontinually for four and one-half months in do.*:age.s of from SOO.tXXI 
to 2,C0'J,C03 units daily, but failed to produce persistently negative hlooil cultures. Death 
oceurred from congo.stivo heart failure. During the five liays prior to de.ath, the p.atient 
received 0.5 gin. of streptomycin daily.” In rilro, the sensitivity of the organism to st repto- 
niyein was 1.0 mierogram per re. 

Gross findinijs. The licart weighed 650 gm. The external surface was covered xvith a 
thick layer of fibrin, beneath wliich were multiple petechial hemorrhages, especially numer- 
ous at the base where they coalesced into an eccliymotic area 2 by 2 cm. in size (Fig- 1)- 
Both ventricle.? were moderately dilated and ihcir musculature was slightly reduced in 
consistency. The aortie valve ring was fixed, scarred and calcific (Fig. 3). The opening 
was ledneed to a slit measuring 1 .5 cm in length by 0 3 cm. in it.** grcate.st width, and was 
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partly occluded by firm verrucae and masses of calcific raateriaL the latter apparently 
covered by endocardium. The ring measured 6 cm. in circumference. Two of the cusps 
(anterior and right posterior) ivere almost completely destroyed and replaced by large, 
irregular, fibrinous and fibrous, firm, well attached polypoid masses measuring 4 cm. in 
length and protruding from the surface for an average distance of 0.7 cm. There was an 
ulceration, 12 by 7 mm., on the ventricular surface at the base of the anterior cusp which 
extended through the endocardium to a maximum depth of 0.5 cm. The left po.sterior 
cusp was markedh' scarred, thickened and calcified, most markedly at its free edge. At 
its junction with the anterior cusp, it merged vrith the above mentioned ulcerated area. 
There was a calcified plaquelike elevation 0.7 by 0.4 by 0.3 cm. in size on the commissure 
between the right and left posterior cusps. The mitral valve was markedly scarred, slightly 
calcified and infie.xible. The opening measured 1 by O.S cm., and admitted the tip of the 
index finger; the ring measured 6 cm. in circumference. The valve was diffusely and 
markedh' thickened. The greatly hypertrophied posterior papillary muscle was attached 



Fin. 17 (Case I ). Small myocardial absee:s adjacent to aricriole. 

to the posterior leaflet by fused chordae lendineae, averaging 0.4 cm. in length and 0.5 cm. 
in diameter. On the auricular surface of the valve, opposite the midportion of the attach- 
ment of this papillary muscle, there was an ulcerated area measuring 10 by 3 mm., sur- 
rounded by scar tissue, and covered by multiple, extremely minute hemorrhagic eIc%'3tions. 
The anterior papillary muscle was moderately hj-pertrophied and attached to its leaflet by 
moderately thickened, scarred and slightly shortened chordae tendineae. 

Microscopic Jindings. The standard mitral section showed marked scarring and thicken- 
ing. Much of the scar tissue was hyalinized and relatively acellular and contained small 
amounts of calcific material and numerous streaklike formations of unhyalinized fibrous 
tissue which seemed to accompany small blood vessels. In one area, scattered lymphocytes 
and polymorphonuclear leukocytes were found in this perivascular fibrous tissue. There 
were many dilated and congested blood vessels near the base of the valve, but no bacteria 
were found within these vessels. The endocardium overlying the valve was intact except 
in one area corresponding to the ulcerated area noted grossly. Here the endocardium 
was eroded. A small amount of fibrin and some intact red blood cel!.s were present on the 
surface. .A. few large mononuclear cells and small accumulations of blood pigment were 
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fjcen imincdiatoh- hcnoaUi Ihis Kupi'rficial layer. Nd bni'fcria uore t-ci-is, Jt coiilrl noi be 
delerinincd witli certainty' ulietlicr (lie mitral \-alve ami rini; rejin'.^ented (be In-aled .staer- 
of (lie liaeterial eiidoeardilih which was rc.spoDsihle for his lirsf admis'ion. or whether i( 
roprex'iped the n.-sult of the jirevitms rlMtUinaiie infertiim plus ji liCKiiiiiitij; Icicii-ritil endo- 
carditis. 'J'ho iidj.-icfiit iiiiiortirtliiim revetiled no chatiue e\cept for very slitrlit <lifliise 
incroa.'^e in fibrous .strornti. 'J'h!> rntlocanlintn «,jvi;r!yiiii; the myoetudiuin was diffusidy 
thickened ami .sctiried. In the fUtn-ltird trinisfiiil yfrliim, the valve wassliuhily scarred ami 
thickened, o.Npeci.'iIly ni;;ir llut (list til eml. The emioettrdium !i[)pe tre*! inf .-ict. 'fissue from 
the ulcer of (he aiirllc riitic htid to be di'cnlcifiiol prior to cuti int; t he .‘■e -tion ttmi the cellular 
(icdtiils were, therefore, suinewhat ob.scured. The Rc!ier;(! lomtour of the valve was 
de.stroyed. It ajipeared to la; formed of :« nia.*-.H tif hyalitiired lilir.>u.^ tissue in which there 
Were numerous accumulations of blood pittment in the tinliyjdini/erl perivascular (iitious 
tissue. The surface was c.msiilertdily frayed; small amount.s of til*rin were adhen-tii to it 
ami baeteri.'l were iiol definitely idelitilied. 'J'lierr' was much cvidcu"c of c-’il.'-itication v. ifhiii 
the fibrous tissue, ti'plauinn' Hm vtdve ami even e\tc:al)n.e into the adjacent my.ic.arrlium. 
Xe.-tr tin; pf'riiilu'iy of the inyoctirdiimi were small aeciiiir.ihitions of lym(>hocytcs in the 
vicinity of blood vessels. 'I’lie.so seemed to acc iinpanv sm.'ill tseciumilaiion- of bha.d pi^- 
ment, most of whieli imuo present uithin inaeropliaues. ( tiliera ise. the myf.cardinm aas 
e.ssentitilly simihir to that pri'viously deseiilred. 

In a .seidion from the riijh! vi'titriftr, tin; epicardial fat ajss nortual in amount. Tlic 
ci>icardium itself was larttely najilaced by a layer i/f tilirin ;uid red blood cells iti whiirh no 
iunainmatory cells or bacteria were found, 'i'hcrr; wa.s much .sr-attered recent hemorrhai;c 
into the epicardifi! fat while the myocardium was .similar to that previously described. In 
It seetioTi from the left ectilnclf, the epii-ardial surface and fat were essentially similar 
to thos(' des(;ribc(l for the ripht ventriele. 'I'he underlyim: myoc.atdium was also .similar 
to that previously described, cseejit that it rontaiiied many sni;d! tiilated blood vc-ss—ls. 

DltsCt .«S!O.V 

Tito patients in Cti.s-tv I, 2, 3, J ;in<J 0 rreeivcHl nnlictia;.:n!;tnt.s alnii^ witli part 
or till of their penicillin therafiy. Details of ottr experience with the use of 
the,se aKent.s ha.s been reported in tinother paper.'’ 

It was noted that within forty-eiKht or .seventy-two hmirs, after the sttirf of 
penicillin thcrajn' most of the subjective symptoms disappeared. The body 
temperature u.sually returned to normal and tin* blood culture bectune nc.!iativc 
within the same period. Tlie typical anemia lendeti to di.sapjjear "radualiy, 
even without blood iraii-sfusioits or iron thenipy. The fre(iucne\- of tipjx'arance 
of peteehiae was gretitly dimini.shcd. Major embolic phenomena still occurred 
but le.ss frequently than in untreated patients. In tretiteil patients who re- 
covered, however, pro.ij;rc.ssivcly fewer episodes of emltolism were noted. 'Hiis 
sequence of events eontrast.s with the course of the disease jtrior to the advent 
of adequate penicillin therapy and repre.sents elinietd indietttion of healing 
of the endocardial Ic.sions. 

During the cour.se of this .study, it was learned that negative blotxl cultures 
might be misleading inasmuch as cultures could become negative under dosages 
of penicillin which were subsotiuently proved, both clinically and atiafomically, 
to be inadequate for recovety. In otlier words, mere steriliztition of the blood 
stream is not tantamount to cure. In all but one (t'ase 0) of ottr paticnt.s who 
came to autopsy, negative blood cultures were obtained repeatedly during 
treatment and, with one c.xception (Case 3), even up to the time of death, yet 
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in all but two patients (Gases 5 and 9) bacteria were found in the endocardial 
lesions. This apparent discrepancy suggests that the blood concentration of 
penicillin, although sufficient to sterilize the blood stream itself, was insufficient 
to inhibit growth of bacteria in the endocardial le.sions. 

At the onset of our studies, v/e postulated the obvious theoiy that in the 
presence of a fibrin barrier any antibacterial agent capable of inhibiting an 
organism in vitro must be capable of penetrating or diffusing through fibrin in a 
concentration at least equivalent to the sensitivity in vitro of the organism in 
question. The first failures with penicillin therapy meant either that penicillin 
could not penetrate fibrin or that the concentration after penetration of fibrin 
was inadequate. ^Mien larger daily doses of penicillin were used and blood levels 
considerably in excess of the sensitivity of the organism in vitro resulted in cures, 
clinical proof of the above theories was afforded. Nathanson and Liebhold’- 
have furnished experimental confirmation of the ability of penicillin to penetrate 
fibrin. Likewise, it must be borne in mind that repeatedly negative blood cul- 
tures do not nece.ssarily indicate continuous sterilization of the blood stream. 
Showers of bacteria undoubtedly do occur, as evidenced by the finding of bacteria 
in the capillaries of the valves at autopsy in .spite of ‘'negative” blood cultures 
taken just before death (Case 1). It is also interesting to note that in Case 1 
repeatedly negative blood cultures were obtained during continuous intravenous 
administration of penicillin which was carried out during the day, but that a 
positive blood culture was obtained three hours after an intramuscular injection 
of penicillin administered during the night. Blood concentration of penicillin 
at this time was zero. This and other clinical obser\'ations led us to prefer 
continuous intravenous administration of penicillin in this disease. 

All patients ha^dng an elevated or rising leukocyte count prior to the time 
of death were found to have active endocardial lesions, but normal leukocyte 
counts Avere present in some patients who shoAved active lesions, at autopsy. All 
patients Avith actiA'e endocardial lesions had pei'sistentl}' eleA'ated or rising sedi- 
mentation rates prior to the time of death. Several of those AAho recoA'ered had 
slight to moderate elevations of the sedimentation rate for from tAvo to five 
Aveeks after completion of therapy. Examination of the pathologic material 
led us to the conclusion that elevation of the sedimentation rate in the absence 
of other sources of inflammation, indicates at least pei-sLstence of unorganized 
fibrin. As stated elseAvhere,ri AA-e belieA'e that a steadily rising sedimentation 
rate during treatment is an indication for increased daily dosage and further 
thorapA' regardless of hoAv faA'orable other signs may be, and, so long as the 
sedimentation rate remains elevated after therap3% the patient is A'ulnerable 
to reactivation and must be obserA'ed at A'erA' frequent inteivals. If, during such 
observation folloAA-ing treatment, the sedimentation rate rises steadily, another 
course of treatment should be started, preferably with an increase in the daily 
dosage. Clinical experience as aa'cH as the histolo^c eA'idence here presented 
confirm, Ave believe, the AA’isdom of such a procedure. Scattered, minute areas 
of organizing bacteria-free fibrin maj' be present (Fig. 7) even though the sedi- 
mentation rate is noi-mal. 
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Seven of tlic JO patients who came to autopsy showed changes in serial elec- 
trocardiograms which were made during their illnesses. Acute myocarditis 
was pre.sont in the heart of each of thc.se patient.s (Fig. 1-J). Such electrocar- 
diographic ehaTigc.s have been noted in only 2 of 25 patient.s wlio recovered. 
Tims, .serial oloctroonrdiogram.s during therapy may aid in estimating the 
presence and severity of acute myocarditi.s, 

Congc.stive heart, failure developed late in the disease in those patients who, 
at autopsy, showed mo.st marked evidence of myoe.ard:al d.amage, and in those 
showing the most extensive vah'ar le.^ion.s, n't., severe ulceration, calcification 
and scarring of the valve.s, or rujiture of the chordae tendineae (Fig.s. 3 and 4). 
Clinical evidence of congc.stive heart faihire was rarely observed in patient.s 
who recovered. 

According to the litonituro, 75 per cent of patient.s developing .subacute bac- 
terial endocarditis have previously had rheuniatic heart disca.<e. .V positive 
or .suggestive hist on* of previous rheumatic fever could he obtained in less than 
50 per cent of all our cases. Tlic valves of all patients at autopsy, however, 
showed evidence of previous damage. It could not he determined witli certainty 
in every case Avhethcr thi.s damage was due to earlier infections or to cliangcs 
attributable to the age of the patient. 

Streptococcus viridans was the infecting organism in all but one of the ca.ses 
dc.^cribod in this report, although among the recovered patients. Streptococcus 
anhonohjticus and hcwoli/ticiis, Stnphi/lococcu.s auiru.'! and (dhus and //. para- 
■injlnemac wore found. The sensitivity of the microorganism to penicillin 
w vitro was not, in every instance, a criterion of the dosage of penicillin required 
or of the ro.sj)on.sc to penicillin therapy.'* 

Cardiac pathologic anatomy. In our oa.^cs, the valvar lesions were microscopi- 
cally .similar to those usually cncnuntcrcd prior to })enici!lin therapy. Grossly, 
thc.y were much smaller, quite finn and appeavctl as libro\is tags or elevations 
covered by tibrin (Fig. 5). Polypoid fungating masses were not seen except 
in C'ase 2 (Fig. 2). Extension of the Ic.sions to the elioixiae tendineae with 
possible rupture is described in Case 3 and Case 5 (Fig. 4). 

Microscopically, the lesions in 7 of the 9 casc.s were composed of bacteria, 
tibrin and platelets, situated on a denuded endocardia) surface (Fig. 10). Theo- 
retically, in such instances the blood culture should be positive, but negative 
cultures were obtained immediately before dentil in 5 of these 7 cases. It might 
be assumed that these surface colonies of bacteria liad been inhibited by the 
concentration of penicillin in the blood stream, which theoretically was more 
tlian adequate. While disintegration and poor staining qualities were occa- 
sionally observed, liowever, those phenomena were not sufficiently general in 
any lesion to indicate inhibition of nil organisms. In all of these cases, bacteri.i 
covered by a layer of fibrin and platelets were also seen (Fig. 9). A more ad- 
vanced stage of this process is illustrated by Figure 1 1 which shows thick layers of 
organized fibrin overlying zones of bacteria in the valve sub.stance. Tlic bases of 
the lesions revealed varying degrees of organization with formation of fibrous 
tissue. Organization was accompanied by calcification and in 4 cases calcifica- 
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tion was severe (Figs. 2, 4, 7, 10). New capillarj’ formation was frequently seen. 
These evidences of healing were more marked in our cases than in those described 
in the litei'ature prior to the use of penicillin. In the specimen showing virtually 
complete healing (Case 5), the fibroblastic invasion in the area of organization 
extended to the valve margin (Fig. 7). Many hnnphocytes, large mononuclear 
cells and plasma cells were present. iMultinucleated giant cells were also noted 
(Fig. 13), and appeared to be engaged in the removal of necrotic material. 
Pohunorphonuclear neutroplfils are generally described throughout the literature 
as being absent or being present only in small numbers, but Boyd^ mentions 
that they may be present in large numbers. In our material, pohmiorphonuclear 
leukocytes were numerous in most of the sections studied and frequents were 
the predoihinatmg cell. 

As far as we know, endocardial regeneration has not been prenously described. 
This phenomenon was present in Case o (Fig. 6). 

Reports concerning myocardial lesions in subacute bacterial endocarditis 
are conflicting. According to most observers, cloudy swelling and fattj- de- 
generation of the muscle are the rule, but this was not true in our cases. Other 
obsen'ers comment on myocardial fibrosis and this change was present in most 
of our material. Clawson and Belb demonstrated Aschoff bodies in 11 per cent 
of their cases and Buchbinder and Saphir^ found them in 15 per cent of 40 cases. 
We found none. Although serial sections of the myocardium were not made, 
the areas we studied should, according to Gross,^ show Aschoff bodies if present. 
One case revealed necrotic areas of mjmcardium with polymorphonuclear infil- 
tration. SaphiP® believes that these are “myocardial abscesses.” He also 
described fairly widespread acute myocarditis and myocardial infarction. De 
Navesquez' described myocardial lesions in 19 of 20 cases examined b}' serial 
sections and considered them to be due to embolic phenomena. Fibrin-filled 
capillaries were found in many of our myocardial sections. Our finding of acute 
myocarditis (Fig. 4) in 7 cases and myocardial abscess in 1 case conforms with 
the experience of Saphir. 

Pericardial inflammation is seldom seen unless active rheumatic heart disease 
occurs just pilor to, or concomitantly with, subacute bacterial endocarditis.” 
Acute fibrinous pericarditis was present in one of our cases (Fig. 1). .Active 
rheumatic heart disease was not present at the time. 

P.VTHOGENESIS OF SUBACUTE BACTERI.VL ENDOCARDITIS 

The actual mechanism b}* which the endocardium becomes involved in sub- 
acute bacterial endocarditis is not clearly understood. Bacteria may become 
implanted on unhealed rheumatic lesions or become implanted on minute plate- 
let thrombi Avhich occur on the endocardium overlying the damaged valve. 
Trauma of the valve at the points of closure, and bacterial embolism of valve 
capillaries have also been mentioned.®- ” In our material, Case 7 il- 
lustrates the implantation mechanism. Bacteria were demonstrated invading 
endocardial cells, in the absence of platelet thrombi, and extending into the 
subendocardial tissues (Fig. 2). Cases 1 and 7 illustrate invasion of the valves 



3G2 


HILDEIUIAND AM) I'KIE-ST 


b}' way of capillaries, presumably formed during previous infections (Figs. 15 
and 10). Bacteria-filled capillaric.s were found in the midporlion and near the 
margin of the valves. They wem traced by .serial .section.s and fotmd to be 
continuations of more di.sfal capillaries filled with blood. Case 4 revealed a 
valve capillarj' filled with filirin which contained no bacteria. Case 7 repre.«ent.s 
a patient who, apparently cured of a viridan.s endocarditis and just prior to 
being discharged from the ho.spilal, dio<l of a staphylococcu.s septicemia .seventy- 
two hour.s after on.set of .symptoms. The only unfavorable .sign at the time the 
staphylococcu.s .septicemia developed wa.c a moderately elevated sedimentation 
rate. No evident portal of ent ry for the staphylococcu.'; wa.s found. At autop.sy, 
the involved valve still showed the prc.sence of fibrin. Enme.shed in the fibrin 
were myriads of cocci, none of which appeared to be in chain.s. Likewi.s:e, none 
of the bacteria in the capillaries .showed chain form.ation. That t hc.se capillarie.s 
antedated the staphylococcus septicemia, there can be no doubt. Owing 
to the .short time elapsing between the initi.al chill and death, it .«cem.s highly 
probable that direct invasion of the prcviou.sly damaged endocardium and in- 
vasion of the valves via the cnpillarie.s took place. Based on studic.s of the 
other heart.s, we belic\'e tiiat at least some of the fibrin in tliks- case wa.s a re.sidtial 
of the viridans endocarditis and formed an excellent site of implantation and 
probable culture medium, for the organism.s of a tnin.^itorA* .staphylococ-cus 
bacteremia. In addition to illu.stniting the two m(Klc.s of valvar inva.«ion, thi.e 
is extremely significant evidence, ba.«od on pathologic finflings, that following 
apparent recovery from subacute bacterial cndocanlitis the involved valve is 
still vulnerable to reinfection for some time. This vulnerability to reinfection 
seems to last as long as the .sedimentation nite remain.s elevated. Following 
apparent clinical recoveiy, it wotild appear desinible to admini.sfer moderate 
doses of penicillin so long as the sedimentation rate is .still elevated in order to 
combat transitory bacteremias. 


SL’.M.MAUY 

In 34 cases of subacute bacterial endocarditis receiving penicillin therapy.* 
earbv subjective improvement was noted in eveiy patient rcgardle.ss of the 
ultimate outcome. In spite of repeatedly negative blood cultures, at autop.y, 
bacteria were demonstrated in the valvar lesiou-s in 7 of 9 cases. 

Elevated or rising leukocyte count prior to the time of death was found to 
coincide with the presence of active endocardial lesions. Active lesions were 
also found a.ssociated with a normal leukocyte count. Changes in .serial elec- 
trocardiograms were found to coincide with histologic evidence of acute myocar- 
ditis. All cases with elevated or rising sedimentation rate at the time of death 
showed active valvar lesions. In one case, with a normal sedimentation rate, 
microscopic areas of bactcria-free organizing fibrin were present. 

The majority of the endocardial lesions in these patients treated with i)eni- 
cillin were small and firm and .showed marked evidence.-^ of healing. Calcifica- 
tion was, at times, of such severe degree as to be an important factor in inducing 
fatal congestive failure. Deposits of finely divided calcium were frequently 
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found in the uninvolved valves. The completely healed valve is thickened and 
scaried and gi'ossl.v resembles the healed stage of vhenmatic valvulitis, Poly- 
moiphonuclear leukocytes ivei-e more frequently noted than lias previously 
been descnbed in the literature. Fibrin iras found to persist at the site of 
endocardial lesions after clinical *Tecover>''-' had occurred. It is postulated 
that this fihrin serves as an excellent implantation site and culture medium. 
Reinfection with the same, or with other bacteria, thus may occur unless adequate 
penicillin therapy is maintained for a sufficient length of time to ailovr the endo- 
cardium to regenerate. Endothelial regeneration was demonstrated histologi- 
cally in one case. 

. Extensive myocardial lesions were found in all autopsies. Tnie vegetations 
in a small branch of the pulmonary arten* were seen in one case (Fig. 8). So 
far as we know, this is the first time such lesions have been described in the 
smaller arteries. 

Histologic evidence is presented that infection of the caidiac valves in the 
genesis of subacute bacterial endocarditis may occur by direct endocardial 
invasion without the presence of platelet thrombi and via cajiillaries resulting 
from a pre\*ious infiammatoiy process. Both mechanisms may operate simul- 
taneously. 

No increase in resistance of the organism to penicillin in vitro was encountered 
in 7 patients who received more than one coimse of treatment. Tliis was also 
tme in those patients who, after one or more failures, ultimately recovered with 
administration of the ding in adequate daily do-sage. 

CONCLUSIONS 

In patients treated with penicillin, the lesions of subacute bacterial endo- 
carditis revealed marked evidence of healing. 

The degree of healing appeared to be definitely related to adequacy of daily 
dosage and duration of treatment. Adequacy of daily dosage cannot be judged 
by mere sterilization of the blood stream. Inadequate daily dosage over a 
long period resulted in almost complete healing in 8 cases, but with persistence 
of bacteria-laden fibrin in 7. Our experiences in these cases, as well as our 
experiences with the patients who recovered, have led us to adopt .500,000 units 
per day as the minimal dose. 

The healing process is the same as that presented in standard textbooks of 
pathology* except that the process is more advanced in patients treated with 
penicillin and acute infiammatoiy reaction is much more marked than is described 
in the medical literature to date. 

Even in the presence of clinical and bacteriologic ••cure,” thin lai-ers of fibrin 
may remain on the endocardial surface for several weeks. 

Highly suggestive evidence is presented that infection or reinfection of 
the valvar endocardium can occur either bi* direct bacterial invasion of the 
endocardial ceils without the presence of platelet thrombi, or via the subendocar- 
dial capillai-ies. 
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USE OF PAPAIN IN CULTIVATION OF BACTEPv-IA 

fro:m the blood^ 


F. DREYFUSS, M.D. 

* » 

From the Bacteriological and Serological Lahoratorg and Medical Department A of the 
Rothschild Hadassah University Hospital, Jerusalem, Palestine 

A method for the cultivation of bacteria from blood has to fulfill a number 
of basic requirements: avoidance of contaminations, use of highly sensitive 
culture mediums, neutralization or decrease of the bactericidal power of the blood 
and of the bacteriostatic action of drugs and addition of an anticoagulant. Since 
we were impressed, on the one hand, with a wide divergence of opinion regarding 
the value of active trj'-psin preparations and, on the other hand, wth the favor- 
able results reported with the use of these preparations, especially for primary' 
isolation of micro-aerophilic organisms from the blood,-- we were led to in- 
vestigate the value of another proteob'tic enz\'me, papain, in blood cultures. 
It was believed that this enzyme might have certain advantages over trv'psin. 
It has a wider, and possibly more suitable range of activit\', its limits of pH van,*- 
ing from 5 to 7. Furthermore, it is cheap and easily obtainable. 

The abiliU* of papain, when activated, to interfere with the action of anti- 
bodies on bacteria has been proved by Kalmanson and Bronfenbrenner." Papain 
was used instead of tiypsin in “papain digest broth” by Ungar.'- This medium 
does not seem to be identical with the one we propose, since it apparently belongs 
to the “digest” type of medium. VTien this enzxune is used in chemical proc- 
esses, an activator is usually employed (cysteine or hydrocyanic acid). Ungar’s 
investigation seemed to bear out the belief that the inclusion of an activator, 
undesirable as this was for bacteriologic reasons, was superfluous for our purpose. 

In the present study, a preparation obtained from local Carica papayaj was 
used in concentration of 2 per cent of the powder suspended in normal saline. 
Once a fortnight this suspension was filtered through paper after twenty-four 
hours’ standing, then pa.s.sed through a Seitz filter and kept in the refrigerator. 
It was a clear, yellowish fluid, which had pH 6.4 (potentiometer) and the follow- 
ing chemical content: total protein, 1.23 per cent; glucose, 31 mg. per 100 cc. 
(Folin-Wu) ; residual nitrogen, 66 mg. per 100 cc.; cysteine; and nicotinic acid, 22 
gamma per gram of dry .‘^ubstance-t Its euzN-me activity was borne out, for 
instance, by fibrinoly.sL of clotted blood added to it and, as I observed at the 
beginning of the work, by an immediate anticoagulant effect when fresh blood 
in an amount of about 5 cc. was added to not less than 3 cc. of papain-saline. 
It was observed that smaller amounts of papain-saline did not prevent coagula- 

* Received for publication, .lanuarj- G. 1947. 

1 1 wish to acknowledge, with thanks, the supply of this material prepared according to 
the British Pharmacopoeal Codex by “Zori,” Tel-Aviv Pharmaceutical and Chemical 
IManufacturing Products Company. 

i Unpublished microbiologic method (Dr, N. Grossowicz). 
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lion of the blood allliough visible fibrinolysis staiiod aflor fifteen to thirty min- 
utes. d'o papain has been ascribed a multipb effect on blood coagulation.®-^ 
I have observed its accelerating action on clot fonnation in o.xalated plasma, and 
its anticoagulant and fibrinolytic effect on bhjofl. 

In order to evaluate the .suitability of this preparation for bloorl culture uork, 
it ^vas ncces-sary to inve.stigate its promotion of growth of certain bacteria, as 
well as its neutralization of inhibiting effect of a sulfonamide or of penicillin. 
Secondly, a comiiarison of blood cultures e.xamined by a .standard method and by 
a method using jiapain-.saline had to be carried out. 

Pajiain-saline was added to plain broth or brain heart infusion in a 10 per cent 
concentration. Preliminary e.vperiments showed that the addition of papain to 
Inoth did not inhibit the growtji of bacteria and. in some instance.s (Slapliyh- 
cocats aureus, E. Ujphosn, streptococci), even .seemed to stimulate it. It was 
soon noticed that, even in jiapain-saline without broth, staphylococci, vanous 
.streptococci and laboratory strains of liruc.cUa mclilruKis imd E. hjplinsa were able 
to grow. The growth-promoting cfiect wa.s esja-cially evident for streptococci, 
particularly those of the viridans group. .Several strain.s were encountered 
which, a.s might be expected, could not be cultured in broth or brain heart in- 
fusion, and not even when serum wa.* added, although growth readily occurred 
on primary isolation in papain-saline broth or j)apain-saline brain heart infusion. 
A micro-aerophilic strain of Closln'<h'ntn bultfriciun could be cultivated in j).apain- 
salinc brain heart infusion, whereas it did not grow in brain heart infusion; 
Cl. holuUnum grew in neither. The results regarding II. injluenzar arc still 
inconclusive. 

As c.xperience in blood cultures showed that the number of cultures positive 
for Staphylococcus albus was le.ss in papain-saline than in the ordinary cultures, 
the growth of several strains of S. albus was tested in brain heart infiusionand 
papain-.saline brain heart infusion and papain-saline broth. While these strain.? 
provided a rich growth in the accepted medium.^, they grew poorly and only 
within a comparatively small area beneath the senface in papain medium. As 
compared with ordinary mediums, the presence of j)a])ain apparently improves 
gi'owth conditions for micro-aerophilic organisms, or at all events slightly reduces 
oxygen tension. This hypothesis is based on the leaction of certain streptococci 
and Cl. htlyricuin mentioned above. Pos.sibly, the prevailing o.xygen tension 
is unfavorable to Slaphylococcu.^ albus. 

As a ]ncparation containing plant protein might possibly- contain para- 
aminobenzoic acid, tests were made in order to discover the sulfonamide-inhib- 
iting properties of papain-saline. Serial 1 :2 dilutions of sodium sulfathiazole 
in 1 cc. of broth, brain heart infusion and papain-saline broth, respectively, 
were inoculated with 0.1 cc. of 1 : 100,000 dilution of t wenty-four hour cultures of 
different strains of Staphylococcus aureus. Brain heart infusion had a more 
pronounced sulfonamide-inhibiting effect than plain broth; but the addition of 
0.05 cc. papain-saline to broth evidently neutralized a much larger proportion 
of the sulfonamide, as is shown in Table 1. 

Since a preliminar\' series of experiments, in which penicillin, in amounts of 8 
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to 10 units, was dissolved in 2 cc. papain-saline (four hours, 37 C.), failed to 
clarif}'- the question of whether the papain preparation was capable of neutralizing 
penicillin, a second series of expeiiments was set up, in which penicillin, in 
amounts of only 4 to 8 units, was incubated in papain-saline and normal saline, 
respectively, for forty-eight hours. A third determination of penicillin content 
was performed simultaneously with a freshh" prepared penicillin dilution. 
Twenty-four hour cultures of Staphylococcus aureus (0.1 cc. of 1 : 100,000 dilution.) 

TABLE 1 


Extext of GRO-ivin* of 0.1 cc. of 1:100,000 Dilution' of .a. 24 Hour Culture of 
SlaphijtococcKS aureus 309 ix Seatral Mediums Coxtaixixg Various Amounts of 

Sodium Sulfathiazole 


SODItTM Stl-TATHIAZOLE 

1 

j BROTH 1.0 CC. 

} 

! BRAD.- HEART 

j INTUSION ID CC. 

1 

i EEOTH 1.0 cc. AKD 

: papain-sause,0.O5cc. 

37.5 mg. per 100 cc. 

t 0 

* 

i -L-L 

250 

i i 

1 4- 

i J__L. 

1 t i 

125 


j i *T' 

1 ... 

{ "r“r “T 

60 

I 4- 


4 - 4 - 4 - 

30 

; 4 - 4 - 



Control 

j 4-4-4- 

, 

4- -^4--^ 


* 0 = no growth, — slight growth, 4— J- = moderate growth, -f-f + = heavy growth 
and -f-r-f -4- = verj' heavy growth. 


TABLE 2 


CoMr.AEisox of Three Pexicillix-Coxt.ainixg Mediums, Indicating Minimum Amounts 
of Penicillin 2\ecess.ary to Allow Growth of a Strain of Streptococcus ririda?>s 
.AND A Strain of Staphylococcus aureus* 


p.ESisiANcr. or opcanism in teri:s or intesnational units or 


ORCAM^M 

j PEKiaiXIK P 

> 

EP. CC. IN liEDlUil CON 

taiking: 

> Saline, incubated j 
j 37 C., 2i hr. j 

Papain incubated 

37 C., 24 hr. 

j PeaicilUn freshly 
i diluted in saline 

Streptococcus viridans 2.330P. . . . 

I i 

0.124: 1 

0.54--i- ! 

: 0.034- 

Staphylococcus aureus 2-526 

I 0.0154- 1 

i 

0.124- 

* i 

less than 0.006 


* ± = trace, -f = slight growth, and -r-u = moderate arowth. 


or streptococci (0.1 cc. of 1 ;10 dilution,) were used. The result in seven e.xperi- 
ments .showed a difference of from 1 to 3 tubes between the senes of saline peni- 
cillin and papain-saline penicillin dilution, and a difiference of 1 tube between 
saline incubated and freshly diluted penicillin, as may be seen in Table 2. 

This decrease in penicillin activity observed after incubation v.'ith papain- 
saline is likeh' to be of practical importance in blood culture specimens. The 
facts observed find their explanation in the work of Lawrence® who stated that 
many enzyme, preparations, such as takadiastase and clarase contain small 
quantities of penicillinase, independent of their enzyme concentration. He 
conclusively proved that this penicillinase is the product of bacteria contaminat- 
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ing the powdered enzyme preparations. Pure papain iias lieen proved by 
Lawrence'’ to be inactive towanls penicillin. Following his experiments, I 
isolated the bacterium pre.«cnt in my preparation and ascertained the penicilli- 
nase activity in broth after it was pa.ssed through a Seitz filter, and determined 
that 0.05 cc. of this filtrate was able to inactivate at least 8 units of penicillin in 
three houns (37 C.). This organism apparently belonged to the group of B. 
mcgalhcrium. It was a long, gram-positive, .sjjorc-forming bacterium which grew 
easily on agar and in broth. ■ 

Finally, jjapain-salinc proved to be anticomplcmentary. Wien examined 
with the hemolytic system of the W.a.ssermann reaction, it completely bound 
complement in concentrations of 0.2 or more. 


MATERIAL 

The specimens taken from the Medical and Pediatric Departments of our 
hospital included a rather large number of cases of septicemia and allied con- 
ditions from which repealed cultures were selected for our work. This fact 
largely explains the high percentage of positive findings. 

METHOD 

Ten cc. of venous blood (for the pap.ain cultures, for technical reasons, some- 
times loss than 10 cc.) Averc placed into each of two Erlcnmeyer flasks, one con- 
taining 3 cc. of 2.5 per cent of sodium citrate, the other 5 cc. of papain-saline. 
From each flask, two plates were poured, using 1 cc. blood for each plate and 2 per 
cent glucose agar. Wien anaerobic organisms were suspected, another 1 cc. was 
transferred to Tarozzi medium. When bruccllae were suspected, cultures 
were taken and handled separately. To the remaining bloo<l, 50 cc. of brain 
heart infusion (Difeo) was added to each flask. The cultures were incubated at 
37 C. for seven daj’s and were examined daily with Gram stain and subcultured 
on rabbit blood agar and other mediums, when so reijuired. '\^^len a positive 
result was obtained from one flask, the other was kept for control up to seven 
days. Para-aminobenzoic acid was added to .specimens containing sulfonamides, 
but later it was added only to the cultures without papain-saline. 

Altogether 132 double cultures were taken, and another 13 only with the papain 
method. These latter cultures arc included in the evaluation of the new medium, 
and for the purpose of comparison the results of both series are corrected by 
statistical methods. 


RESUI.TS 

Table 3 illustrates the findings recorded according to the two methods employed 
and the different organisms isolated. 

A fair number of the contaminations were encountered during a short period 
for which there was a rather instinctive explanation. The disinfectant in which 
sterile forceps were kept in the wards, at that time, contained Pseudomonas 
Jluorcsccns and this organism promptly appeared in our cultures. 
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TABLE 3 

SUMMAKT OF CfLTURE MeDIUMS UsED AND OF OrGANTSMS ISOLATED, 
According to Medium Used 


Culture Xumber 

Double cultures 132 

Papain cultures only 13 

Total number of papain cultures 145 


(Number of patients examined 

Besults 


67) 


iUPAtX CVLTVZZS 


OP.GAKIS1E 

i 

Double cultures 

Brain heart j Papain brain heart 
infusion i infusion 

f 

i Papain brain 
! heart infusion 

1 only 

j IKSUBtE VMXZ or 

1 STA^^)ARD rr.'kor. 

1 or DIIFEKENCE* 

[ 

Staphylococcus aureus 

i 21 

1 25 

j 

1 

3 


i 

i 9.12 

StaphulococcHs albus 

35 

i 22 

i 

3 


! 9.9 

Staph ijlocaccus ci Ireus 


1 1 



j 

! 

Pneumococcus 

1 2 

I 2 

[ 

1 



t 

} 

Streptococcus haemohjticvs. . . 

i 

i 


i 

1 


[ 

Streptococcus viridans 

1 4 

1 13 i 

1 



1 

1 


( (in IS glucose- 

(in 17 plates: ! 






i agar plates 

=1 7)t 1 

i 



I 6.32 


9)t 

! 1 

» 1 





Diphtheroids 

1 6 

) 

o 



j 


B. proteus 


i 1 



i 


E. typhosa 


i 

j 

j 

1 



Sarcine 


1 1 



1 


Contaminants 

21 

1 


1 

i 

9.6 


* ^VIlen the difference between the values of both examinations exceeds double the 
standard error of difference, this difference is unlikely to be due to mere chance and may, 
therefore, be considered significant.® The percentages have been figured out in the case of 
papain cultures, by considering the total number of cultures taken by this method and the 
total results. The formula used to obtain the standard error of difference (S.E.D.) was 
as follows : 


S.E.D. 



Pi X qi ^ P; X q; 

ni ’ n; 


where 

Pi 7 P; j ~ respective percentages of positives 
, Q: , = respective percentages of negatives 
jjj n; , = respective numfiers of observations. 

1 refers to the series of brain heart infusion cultures; 2 refers to the scries of papain brain 
heart infusion cultures. 

t In IS glucose agar plates poured from 9 specimens of blood. 9 were positive for S. 
viridans. and in 17 glucose agar plates poured from 9 specimens of blood. 7 were positive for 
S. viridnns. 


vSeveral times, grouili was obtained twenty-four to forty-eight hours earlier 
with the papain method. On at least four occasions, positive re.sults were 
obtained onh* in the papain-saline cultures when the patients were undergoing 
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penicillin treatment. As to the glucose agar platc-s, in no instance were bacteria 
isolated by this method alone. 


DISCUSSION* 

Taking into account the sensitive medium used in (he controls and the large 
number of specimens tested repeatedly from casc.s of septicemia, including five 
cases of subacute bacterial endocarditis, a considerable difTerence in positive 
findings could not be expected from any method under investigation. In spite of 
this VC feel justified in pointing out certain advantages of the papain method. 
Wiilc tbc number of significant findings is at least equal to that of our routine 
cultures, the number of isolations of Slnphijlorocan^ anreus^ is somewliat larger 
than in the controls. Streptococci of the alpha hemolytic type have been isolated 
definitely more often than by the citrate mctliod and {jositivc results were 
obtained earlier on several occasions. The smaller number of finffings of Staph, 
albus does not appear to be a real drawback. There is no reason, according to 
our e.vperience, to assume (hat a rare case of Staph. aWu.^ bacteremia would 
evade detection b\’ the pajiain method. This point is borne out by two cases of 
Staphylococcus nlbus septicemia in whii.'h this organism was repeatedly isolated 
with both mcthod.s. 

Some of the anticoagidant.s in common use, .‘'uch as sodium citrate and 
liquoid, ”• ’’ have definite growth-inhibiting qualities. Sodium citrate is not 
a nutrient substance for most bactena wliile saponin, so useful for the isolation 
of Streptococcus viridaus, has been proved inferior to glucose tryp.sin broth for 
recovery of Staphylococcus aureus.''^ A comjiarison between papain andtr^qisin 
made above, jioint.s to certain advantage.s of the fonner. 'I’rj'psin, moreover, 
is not known to exercise an antagonistic eflcct on penicillin and sulfonamides. 

Papain-saline provides a culture medium from the veiy moment the blood 
is drawn into the fla.sk. At the .«ame time, it serves as an anticoagulant, an 
inhibitor of penicillin and sulfonamides and as a (romplement-fixing substance, 
qualities which when taken together, to the best of my knowledge, have not been 
claimed for any single preparation. It possibly digests some of the proteins of 
the blood (pensonal observations) and of the nutrient medium, thereby replacing 
the weak enzyme apparatu.s of fastidious bacteria. In view of the fact that this 
preparation is at least equivalent to an accepted standard method, that it is 
definitely superior for the isolation of strejitococci ami also enables the growth of 
micro-aerophilic organisms, it .seems that the number of bacteria whose cultiva- 
tion may be expected in thi.s medium would be rather large. Owing to its 
fibrinol 3 *(ic action, papain might also be used when clot cultuies are to be made. 
Its use should be indicated, according to m\* experience, particularl.v in subacute 
bacterial endocarditis. 


soi.MAuy 

A sterile preparation of 2 per cent papain powder (B.P.C.) in normal saline 
solution was examined for qualifications as a blood culture medium together 
with a fluid medium. Papain-saline proved to be a nutrient medium itself. Some 
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observ'ations were made on its influence on the growth of several species of 
bacteria. A definite enhancement of growth was noted for certain bacteria, 
particularly streptococci. 

Papain-saline was found to be an anticoagulant when employed in- adequate 
amounts, to counteract the effect of certain sulfonamides and, to some extent, 
the effect of penicillin in vitro, and to bind complement. 

An attempt was made to determine the value of papain-saline when employed 
in blood cultures. A total of 145 cultures containing papain-saline were e.xamined, 
132 of them with simultaneous controls. The papain method gave results 
V'^hich vmre at lea.st equal to the controls, with the possible exception of Staphy- 
lococcus albus. It proved to be superior for the isolation of streptococci of the 
viridans group (13 positive findings as compared with 4 in the controls). Certain 
other advantages ma 3 ' be e.xpected from its use in a blood culture medium. 

Achnniclcdgmcnls. I wish to express my deepest gratitude to Dr. .Jo.sef Gureviteh, Head 
of the Bacteriological and Serological Laboratory of Hadassah, without whose kind help 
and advice this investigation would not have been possible; to the Hada.ssah Medical Or- 
ganization and to Doz. Dr. .J. Kleeberg, Head of Medical Department .A. for the special 
arrangements made to enable me to carry out this work; Dr. X. Grossowicz for valuable 
advice; Miss J. Bendenski for the chemical analyses; and the staff of the bacterioloaic lab- 
oratory for its kind cooperation. 
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SPONTANEOUS RUPTURE OF SPLENIC ARTERIAL ANEURYSMS. 

Report of Three Cases* 

G. E. COSGROVE, JR., M.D., J. C. WAITS, M.D., and D. H. M.D. 

From the Dcparlmcrit.'s of Pathologp and Obstetrics and Gynecology, Providence Hospital, 

Detroit, Michigan 

Becnusc of their rarity, it is desirable to report cases of splenic arterial aneu- 
rysms, particulnrlj' those which rupture spontaneous!}' and those which occur 
as complications of pregnancy. Approximately 144 cases have been reported. 
Our report includes a review of 107 of t.he.se together •^•ith the records of three of 
our own cases. 

Sherlock and Learmonth'*® found 0.0.39 per cent of splenic arterial aneuiy'sms 
in over 84,000 autopsies from collected re\dews. In the 98 cases in which the 
sex of the patient was known, there were 60 females and 38 males. Tlic average 
age was about 48 years in each of the two sexes. In the younger patients, there 
was a higher percentage of females, but in the older patients the sexes were al- 
most equally represented. 

OCCURRENCE OF SPLENIC -ANEURYSM IN PREGNANCY' 

Of the 60 females in this scries. 15 were pregnant . These cases arc summarized 
in Table 1. The nipture was fatal in 14 of these 15 cases. In 8, the lesion was 
considered to be congenital, while 1 was classed as mycotic sccondar}' to a rheu- 
matic vahmlitis. 'Parity was not mentioned in a sufficient number of the cases 
to be significant. Only 1 of the 15 had any evidence of pregnancy. In 12, there 
was a rather sudden onset of intra-abdominal hemorrhage without premonitoiy 
symptoms. 


PATHOGENESIS 

In 84 cases the number and location of the aneur}-sm was mentioned. In 02> 
the aneurysm was single and in 22 multiple, while in one patient, there were as 
many as ten small aneurysms. The main splenic arteiy was involved somewhat 
more frequently than were the branches. The average diameter of the aneu- 
rysms was 2.3 cm. In 63 cases there was sufficient gross description to judge the 
site into which nipture of the aneurysm had occurred. The area involved and 
frequency are indicated in Table 2. 

Other gross features included varying amounts of pancreatic destniction and 
calcification, thrombosis of the splenic artcr}' and vein and ischemia of the ab- 
dominal organs. In most instances the spleen was enlarged and very often was 
infarcted. The pathogenesis in 63 cases is summarized in Table 3. 

In arteriosclerotic indiAuduals the aneurysms were found usually along the 
main artery. The average age of these patients was 60 years. There was an 
approximately equal number of patients of each sex. The lesions varied from 

* Received for publication, January 10, 1947. 
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1 to 8 cm. in diameter and in many case.s were multiple. Grossly, the .splenic 
arterj' was tortuous and had intimal changes varjung from slight thickening to 
large atheromatous plaques with ulceration and calcification. Atheromata and 
calcification were conunon in the ancurj-smal wall and in long standing lesions 
little remained except thickened, friable and calcified material adherent to a 
laminated blood clot. These local changes were u.suallj- as.sociated with general 
arteriosclerosis, especially of the aorta, the coronary and cerebral arteries. 

TABL1-: 2 

SiTKS i.VTO wjrrcir Si'i.i;.vrc .AtiTcniAf, .t.VEcnysM.'s RcrTcriia) is 03 Cases 



TABLE 3 

Bathoolnesis of Sri.r.NTC AnrEniAi. .^.viautysMs is C3 Casf-s 


TATHOCENrSIS 


CASF.S 


Arteriosclerosis i 37 

Arj'cotic ! ]2 

Congenital j 9 

Miscellaneous I 

Tr.aunia 2 

“Waiulering” spleen 1 

Gaiiclicr’.s disease 1 

Banti’s disease I 


Total 


G3 


Microscopically, intimal thickening, atheromata with patchy hyalinization and 
calcification of the media were common. General fibro.sis of the wall was a 
constant feature. 

In patients with mycotic aneurysms there was evidence of rheumatic vahulitis. 
The average age in this group was 24 years and there were as many males as 
females. Mj'cotic aneury.sms varied from 2 to 3 cm. in diatnetcr and were usuallj' 
found in the finer branches of the splenic artery. Multiple splenic infarcts were 
found in 7 of the 12 cases, indicating their embolic nature. Microscopically, 
intimal thickening with hyaline degeneration of the media and fibrosis were 
constant findings. 

In 9 of the 63 cases, some feature was present to indicate a congenital basis 
for the lesion. The average age was 35 j’cars with females predominating. The 
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striking gross features were single saccular aneuiysms varjing from 1 to 7 cm. in 
diameter Tvith the lesion most often found at or near branching points of the 
splenic arter^^ The splenic arterj- was usuall 5 ' normal or slightly thickened and 
often contained atheromata. In some instances, the sac displaced and was 
continuous wth pancreatic ti^ue. Atrophic and defective medial tissue and 
internal elastic lamina with fibrosis and thinning of the wall were the prominent 
microscopic features. 


TABLE 4 

Symptoms of a Chp.onic Nature Accompaxyixg Splekic .Aeteriau .Ixeurysms 

IX 25 Cases 

1. A long history of upper abdominal pain (in left upper quadrant and/or epigastrium) 

often relieved, but in some cases aggravated by stooping, bending, or running 

2. Intemrittent attacks of vomiting 

3. “Indigestion” simulating cholecystitis or peptic ulcer 

4. Loss of weight 

5. Anemia 

6. Diarrhea or constipation 

7. Occasionally dj'spnea or s 3 'ncope 


TABLE 5 

Symptoms of .A.cute N.^ture Accompaxyixg Splexic .\rterial .Axeurtsms 

IX 40 Cases 


1. Sudden onset of severe pain in upper part of abdomen, not easih' relieved 

2. !Melena and/or hematcmesis, depending on whether the gastro-intestinal tract was 

penetrated 

3. Marked apprehension, often with dyspnea and sj'ncope 

4. Repeated vomiting 

5. Pain in shoulder 

6. L'rge for defecation 

7. Ultimate prostration, low blood pressure, rapid pulse and shock from intra-abdominal 

hemorrhage 


m.4 GNOSIS 

In 65 of the 110 cases studied, the stmiptoms were readily aiTanged into those 
of a chronic nature (Table 4) and those of an acute nature (Table 5). Chronic 
symptoms vaiied in duration from one week to well over a year. In patients 
with symptoms of an acute nature a sudden leakage of blood from, or rupture 
of, the aneurt'sm was found. iMany splenic arterial aneurysms raptured in two 
stages.^- At first, there was a small rupture of the sac with a leakage of blood 
into the lesser peritoneal cavity, then a latent period, and finally a large rapture 
with massive and severe bleeding. Tlie latent period varied from a few hours 
to eight weeks. In patients with premonitor\' symptoms surgical treatment 
may be instituted. 

In addition to the symptoms already mentioned, the following diagnostic 
signs were found in the inclicatednumber of cases: enlarged spleen, 22; palpable 
tumor, 13 (with pulsations, 5; with bruit, 5); pancreatic insufficiency (e\idence 
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on examination of stool), 2; and x-my evidence of aneurysm, 12. The roent- 
genographic shadow is usually sharpl}'- defined, being dense at the periphery and 
often mottled in the center. It ismost commonly noted on a level with, and just 
to the left of, the fir.st lumbar vertebra.” 


TABLE G 

Cj.iXH'.M.LV Dxao.voskw Sri.K.N-ic .\nTKitiAL A.vr;fnv.s.'>!s j.v 10 C.^5 ;e,s 


AirrnoK 

IIASIS rOR DIAGNOSIS 

loUTCOMf: 

1. Ilogler 

1 

I’libsating mass, bruit, fluor- 
oscopic o.vamination 

Necropsy 

2. Ortiier | 

Enlarged spleen, bruit 

Ne crops}' 

3. Lindboc 

X-ray 

yuccossfiil surgical removal 

•!. IlafTner i 

X-ray 

Successful surgical removal 

5. Siifwcnbcrg 

X-ray 

Necrop.sy 

C. Siifwcnbcrg 

X-ray 

Necropsy 

7. Guy 

Pulsation, tumor and bemor- 
rhago 

Surgical removal 

8. Sperling 

X-r.ay 

Surgical removal 

9. Scids and Hauser 

Mas.s, pulsation and x-ray 

Surgical removal 

10. Lower and Farrell 

X-ray 

Surgical removal 


TABLE 7 


SfiiGiCAELY Tiikati:d Case.s or Splenic AnxEniAi. Anechysm in .32 Patient.s 



C-ASCS 

RECOVXRED 

DIED 

A. Procedures directed to the aneury.sm 




1. Splenectomy with removal of aneurysm — 

13 

11 

2 

2. Ligature 




proximal 

2 

2 

0 

distal 

1 

1 

0 

3. Tamponade 

2 

0 

o 

4. Ligation and removal of ancurvsm 

4 

3 

1 

B. Procedures not directed to the aneurysm 




]. Exploratory only 

G 

0 

G 

2. Hvsterectomv 

1 

0 

1 

3. Ilystcrotomv 

1 

0 

1 

4. Application of clamps 

1 

0 

1 

5. Laparotomy and cesarian section 

1 

0 

1 

Total 

32 

17 

15 


Sherlock and Learmonth found that the clinical diagnosis had been made in 
only 10 of the 124 cases they reviewed. In Table G are listed the 10 cases, the 
basis on which the diagnosis was made, and the outcome. 


TREAT.MBNT 

The treatment of these lesions is essentially a surgical problem. In Table 7 
are listed the surgical procedures attempted and the end results in the 32 cases so 
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treated. From this table it is obvious that the procedures of choice are those 
which are directed toward treatment of the ruptured aneuin^sm, preferabh' by 
ligation or resection. 

Following is a summar3* of each of our three cases. 

Case 1 

Clinical data. A 29 year old v,-hite female was in her sixth month of pregnancy and had 
been in good health until a few hours before admission to the hospital, when she suddenlv 
fainted. She was easily aroused but continued to be weak and pale. During the ne.xt 
hour, she fainted t%vice, began to have generalized abdominal pain, became much weaker 
and had a copious bowel movement without blood. She was acutely ill with cold, clammy 
skin and slight cj-anosis of the mucous membranes and nail beds. She was well oriented. 
The temperature was 97 F., the pulse was weak and regular and the rate 140 per minute. 
The blood pressure obtained during the course of examination was once 6S/0 and, several 
times, was unobtainable. Her abdomen was diffusely tender and extremely painful in the 
upper quadrants. Slight involuntary rigidit 5 ' Avas present. There was dulness to percus- 
sion in the left flank Avhich did not shift with change in position. Xo fetal heart tones 
were heard. The blood hemoglobin was SO per cent, the leukocyte count was 16,000 per cu. 
mm. with 85 per cent neutrophils and 15 per cent Ij-mphocytes. She was given oxygen by 
' mask, 500 cc. of plasma and later glucose intravenously. The pain extended into her chest 
and up to the shoulders. Her blood pressure gradually became lower and she expired six 
and one-half hours after admission. 

Gross findings. At necropsj', the peritoneal caAnty contained 2000 cc. and the lesser 
peritoneal cavitj* 850 cc. of fresh and partly clotted blood. The kidneys were pale with 
numerous dense cortical scars and some edema. There was severe (grade 4 on the basis 
of grades 1 to 4) hydro-ureter on the right side and moderate (grade 2) hydro-ureter on tlie 
left side. The aorta was normal grossly, but small, and had a circumference of 4 cm. in 
the mid-abdominal portion. The spleen was soft and mushy in consistency and weighed 
200 gm. The splenic artery vras surrounded by clotted blood. At a point 10 cm. from the 
hilum, there was a saccular aneurj'sm 4 cm. in length with a mouth 0.5 cm. wide which 
opened into the arterj' (Fig. 1) . The greatest diameter of the aneurysm was 2.5 cm. There 
Avas a tear 1.5 cm. long on the longitudinal axis of the aneurysmal sac surrounded by large 
blood clots, most of AA-hich appeared relatiA'ely fresh. In the remainder of the splenic 
artery there was no evidence of arteriosclerosis. 

Microscopically, the structure of the splenic artery Avas normal (Fig. 3). As the border 
of the sac Avas approached, the muscular media became thinner; there Avas a considerable 
increase in the conncctiA'c tissue component, and Avith special stains, OA-idence Avas found 
of fragmentation of the internal and external elastic laminas (Fig. 4). The wall of the sac 
Avas composed almost entirely of dense collagenous connective tissue with interspersed 
small fragments of elastic tissue (Fig. 5). 

The final diagnoses AA'ere ruptured congenital aneurysm of the splenic artery, early 
splenic infarcts, pregnancy (fiA-e and one-half months), normal stillborn male, bilateral 
hydro-ureter, bilateral chronic pyelonephritis and atelectasis of lower lobes of both lung.^. 

Case 2* 

Clinical data. A 2-3 year old AA-hite female Avas hospitalized in the evening, during the finst 
stage of labor, Avith a history of frequent spells of syncope. .-Vt 2:15 A.M., the following 
morning, she spontaneously deliA-ered a liA-ing female infant. The placenta was expressed 
without difficulty. There had been an increased blood loss with the deliA-ery and .she was 
giA-en ergotrate intravenously and intramuscularly- Her general condition remained good 

* The report of thisca.se is presented through thecourte.sA'of Dr.^Al. E.ilaun, llyandotte 
General Hospital, WA'andotte, Michigan. 
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until 0:15 A.IM., wlicn sIio suddenly ecimidained of weakness, lier skin kccainc cold and 
she licpan to perspire profusely without losing eonseiousness. Jlcr pulse was difficult 
to ohtain an<l the blood pre,“sure was 00/30 nun. of mercury. With stimulants there was 
some improvement and, at IfItOO .A.Al'., the blood pre.c.sure wa.s IKt/tiO mm. mercury. The 
uterus remained firm .'ind uterine blood loss was normal. A small amount of urine was 
obtained by catheter. The blood hemoglobin wa.s S-1 jier cent; ihe erythrocyte count, 
•1, -110,000 per eu. mm.; the leukocyte count 22,700 per eu. mm. with SS per cent neutrophils. 
The urine had a trace of albumin and numerous erythrocytes, .‘^oon lier pulse again be- 
came weak and irregular aiul she noted epigastric pain which radiated to the left side. .At 
4:00 P..M., she luid a minor convulsion for which plasma and magnesium sulfate were given 



Extkux.^l, Sukf.^ck oftuf. .S.\<Ti’i..\u .-Axkfky.sm FnoM C.\.sK 1. The S.\c is Sti ffed 
WITH CoTTOX AND THE TeaK IS Cl.F.AnEV SlIOWX. 


At this time there w.as tenderness to palpation in the epigastrium. At 5:15 P.M., she had 
a major convulsion, became pulseless, cyanotic and cxjiired. 

Gross fiudiufis. .-At necrop.sy, there was a left hydrothorax of 100 cc. In the peritoneal 
cavity there was 2000 cc. of blood with numerous largo clots. TJie omentum and root of 
the mesenterj' were hemorrhagic and a massive licmatoina 25 cm. in diameter was found in 
the lesser peritoneal sac near the spleen and partly covering the stomach. The uterus was 
of normal postpartum character. The spleen weighed 050 gm. and had a smooth tense 
capsule. It was bluish gray in color. On cut section, it presented a purplish red appear- 
ance and was soft in consistency. On the splenic arterj’ there wore two aneurysmal dilata- 
tions about 5 cm. from the hilum of the spleen. The aneurysms were similar in appearance, 
each was about 2.5 cm. in tliamcter, and both were ruptured. The walls of the aneurysms 
were thin, dark red, rough and friable. The splenic vein contained a small firm thrombus. 

Microscopically this lesion was essentially similar to that in Case 1. 
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Case S 

Clinical data. A 62 year old white male laborer was admitted to the traumatic surgical 
service for a laceration of the chin and fractured jaw. The ph 3 ’sical examination was nor- 
mal except for his blood pressure which was 175/90 mm. of mercurj'. The blood hemoglobin 
was 14.2 gm.; the erj'throcj'te count, 4,900,000 per cu. mm.; the leukoc.vte count, 6,900 
per cu. mm. with S9 per cent neutrophils and 11 per cent l\'mphoc\'tes. The urinaK'sis 
revealed a specific gravit 3 ' of 1.022, a trace of albumin and occasional leukoc 3 'tes. The 



Photomicrogr.\ph to Illvstr.^te the Dissecting Ch.a.racter of the Sple.vic Ar 

TERI.^L .^.NErRySM IN Case 3. X 14. 


jaw was wired and the loose teeth removed. While under anesthetic his respirations be- 
came weak and irregular and he was given 3 cc., of metrazol. He reacted sIowl 3 - from the 
anesthetic. His blood pressure and pukse were satisfactor 3 ' but his urinar 3 ' output was 
small. He was given ox 3 'gen, metrazol and intravenous glucose and saline. Hi.s blood 
nonprotein nitrogen was 62 mg. per 100 cc. Two da 3 'S later he was improved and his urinar 3 - 
output was satisfactor 3 '. On the sixth hospital da 3 ' he complained of a rather severe left 
intercostal pain. His blood pressure was 210/90 mm. mprcur 3 '. pulse rate 104 and respira- 
tor 3 - rate 24 per minute. He soon became lethargic and difficult to arouse and had marked 
phv'sical weakness. He became progress! vcl 3 ' weaker, d 3 -spneic. irrational and started 
to vomit. His blood nonprotein nitrogen rose to 144 mg. His cerebrospinal fluid w.as 
normal. He became comatose and expired on the .sixteenth hospital da 3 '. 
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Fig. 3. Case 1. Photomicrograph of tlic Splenic Artery. 
X125. 

Fig. -4. Case 1. Photomicrograph of the Bonier of the 
Aneur 3 ’smal Sac with Fault j' Aluscular Wall. X125. 

Fig. 5. Case 1. Photomicrograph of the Sac Wall Com- 
posed Almost Entirelj' of Collagenous Connective Tissue 
with Small Remaining Fragments of Aluscle and Elastic 
Fibers. X125. 
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Gross findings. At necropsy, there nras 50 cc. of fluid in the left pleural cavity. Both 
lungs were congested and there were enlarged hilar Ijunph nodes on the right side. In 
the peritoneal cavit^', there was a large amount of thin bloody fluid bathing the abdominal 
organs. The omentum and mesentery were hemorrhagic. There was a large blood clot 
which extended from the brim of the pelvis to the foramen of Winslow where a larger clot 
was found. The spleen weighed 175 gm., was soft in consistencj’^ and its cut surface was 
brownish, mottled and fibrous. There were mottled infarcts up to 2 cm. in diameter. In 
the midportion of the splenic artery there was a dissecting aneurysm with thrombosis and 
occlusion (Fig. 2), with distention of the outer diamcter to 2.5 cm. At the proximal end of 
the obstructed area there was a small rupture of the wall of the vessel into the lesser peri- 
toneal cardty. In the thoracic and abdominal aorta there was a moderately severe athero- 
sclerosis (graded 3, on the basis of grades 1 to 4). 

Microscopically, there was degeneration in the medial portion of the splenic artery. 
In one area, the media was completely separated by hemorrhagic extravasation. There 
were also many areas of intense degeneration and loss of staining qualities. 


SUMMARY 

We have reviewed 107 cases of splenic arterial aneurj’sm and have added 3 of 
our own. 

We have indicated various pathogenetic factors in these lesions and have pre- 
sented the gross and microscopic findings. Our survey indicates a frequent 
coincidence of ruptured splenic arterial aneurj’sm and pregnane}’’ but no patho- 
genetic relationship. This retiew indicates that it is possible to make the diag- 
nosis of ruptured splenic arterial aneurj’sm in life and that surgical intervention 
is frequentlj' successful. 
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IDIOPATHIC FIBROLYTIC DEGEIsERATIOX OF 
THE I^IENIXGEAL DURA* 


ARTHUR H. WELLS, ^I.D. 

From the Department of Pathology, St. Luke's Hospital, Duluth, Minnesota 

The term idiopathic fibroiytic degeneration of the meningeal dura was chosen 
as the name of a condition considered to be a primary pathologic process charac- 
terized by a layer-like area of degeneration located in the inner or meningeal 
half of the dura mater. This lesion would be of little consequence if it w'ere not 
for its complications of intradural hemonhages and intradural hemorrhagic cyst 
formation which is chronic and progressive. It resembles idiopathic medial 
necrosis of the aorta which is generally recognized as a piimarj- pathologic 
process and has a similar layering of degenerative products with disappearance of 
cellular elements, cyst fonnations and dissecting hemorrhages. 

The literature on the general subject of dura hematoma has been reviewed 
elsewhere.® The pach\Tneninx is made up of two embr\’oIogic layers "which are 
said to fuse in the second month of intra-uterine life. The layer adjacent to the 
skull is termed the endosteal and that next to the arachnoid membrane, the 
meningeal la3'er. Large arteries such as the middle meningeal arterj* and its 
many branches are incorporated in the fibers of the endosteal dura. In the me- 
ningeal dura one can frequenth' find small arteries and giant capillaries. At times, 
a delicate vascular network can be found on the arachnoid surface of the me- 
ningeal dura. The fibers of the two la\'ers of the dura generalh" nm in different 
directions so that they can usualh' be easily distinguished histologically. Oc- 
casionalhnn adults, and more often in infants, one can find a dura whose t wo layers 
can be separated for short distances without much difficulty. Much more often, 
hoAvever, the laj'ers are closeh^ fused together. ^Yith advancing age, there is a 
gradual loss of cellularit}* and vascularity associated with an increasing hya- 
linization of the collagenous, fibrous connective tissue forming both laj'ers of 
the dura. This is a natural aging process seen in vaiyin*, V-grees in connective 
tissue. 


KEPORT OF CASE 

Ciinical data. A 65 year old storekeeper sustained a fracOneti nose and an cccln'mosis 
about the right eye two and one-h.alf years before his death. Following the injury, he de- 
veloped a decided character change which was characterized by a con.siderablc accentuation 
of the alcoholic habit, loss of ambition and development of a dis.agreeable personality and a 
rapid succession of financial failures. During this two and one-h:i!f year period, he was 
admitted on ihree occasions to hospitals because of attacks of severe vomiting which lasted 
from two to six days. These attacks were considered to be due to intestinal obstruction, 
but he refused laparotomy. He was suiiering from a similar attack at the time of hislast 
admission to the hospital. 

* Presented at the Twenty -Fourth Annual Meeting of the .\merican Society of (linit-ai 
Pathologists, San Francisco, California, June 23, 19-16. Fvcceived for publication, Septem- 
ber 25,1946. 
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Gross findings. At necropsy, n liugc, chronic, intradural, hemorrhagic cyst over the right 
cerebral hemisphere (Fig. 3) and a large flat simple cj-st in the loft frontal area were found. 
The large hemorrhagic C 3 -st extended from the most anterior portion of the frontal region to 
the most posterior port ion of the occipital region and involved about one-half of the distance 
between the sagittal sinus and the base of the skull along this distance. The cyst varied 
from 1 to 2.5 cm. in thickness and its walls averaged about 1 mm. in thickness. It was filled 
with a blood stained, .xanthochromic, rather thick, waterj- fluid. It also contained about 
20 cc. of small, dark red, blood clots all of which appeared to bo of recent origin. This 
recent hemorrhage was the apparent immediate cause of death. The surface laj-er ad- 
jacent to the arachnoid was continuous with the surface layer of the meningeal dura, while 
that portion of the cj’sl wall adjacent to the endosteal dura was continuous with the other 
half of the meningeal dura. There was a complete separation of the meningeal and endo- 
steal portions of dura underl.ving the entire c\-.st so that one could casil.v break through the 
meningeal dura at an}' point along the margin of the hemorrhagic evsf and expose the nor- 
mal appearing undcrl\'ing endosteal dura. 

A fiat cj'st 6 cm. in diameter and 5 mm. in depth was located in the meningeal dura in the 
left frontal area. Its clear water}' fluid could he squeezed readily into adjacent parts of the 
dura in which the layers had appeared grossly intact. There was a mottling of light brown- 
ish yellowand red throughout the dura on both sides, due to the presence of old blood pig- 
ments, shown histologically to be in phagocytes in the meningeal layer. 

Incidental necropsy findings in this case included a grade 2 cirrho.'-'is of the lit'cr and mild 
degenerative changes in the myocardium, liver, spleen and kidneys. There were adhesions 
between the duodenum and bed of the gallbladder and some dilatation of the lumen of the 
duodenum, but no evidence whatever of obstruction of any part of the small or largo intes- 
tines. There were no diverticula, tumors, or areas of inflammation in any part of the gas- 
trointestinal tract. 

Microscopic findings. Many sections from scattered areas of the pachymeninx revealed 
a layer-like degenerative process generally located between the outer two-thirds and the 
inner one-third (adjacent to arachnoid) of the meningeal dura (Fig. 2). This degeneration 
was obviously slow and was characterized by a gradual disappearance of the fil)roglia and 
later of the fibroblasts in the involved area, resulting in an acellular or poorly cellular, hyal- 
inized space. Into this area occurred numerous small hemorrhagc.s of different ages. 
Many pigment-laden phagocytes containing iron and small clumps of intact red blood cells 
of recent hemorrhages were jiresent. These changes were found in many sections from the 
dura. A later stage in the process resulted in a splitting of the layers with cyst formation 
and/or large hemorrhages with splitting of layers (Fig. -1) and hemorrhagic cyst formation. 
There was practically no inflammatory cell reaction in any of the sections. -All of the sec- 
tions taken from the margin of the cyst revealed the same histologic changes wlilch were 
limited to the meningeal dura. The two sides of the cyst were greatly thiekened. hyalinizcd 
and poorly cellular and gave an index of the age of the process. At the inner margins were 
giant capillaries and iron pigment -laden phagocytes with beginning organization of the 
blood clot in the cyst. These naked capillaries were the obvious source of repeated hemor- 
rhages into the cyst cavity. There was surprisingly little inflammatory cell reaction. 

In addition to the large cyst found in the dura from the left frontal area, other very small 
cystic spaebs wore found in microscopic sections taken from various parts of the dura from 
both sides of the cranium at sites of fibrolytic degeneration. 


Fig. 1. High power view of degenerated area of meningeal dura with recent hemorrhage 
and pigment-laden pliagocytes. 

Fig. 2. Layer-like degeneration of the meningeal dura, pigment -laden phagocytes, giant 
capillary and endosteal dura. 

Fig. 3. Portion of intradural hemorrhagic cyst with separated margins exposing endos- 
teal dura, and recent blood clots in opened cyst cavity. 

Fig. 4. Margin of hemorrhagic evst. X is normal endosteal dura, Y is thickened menin- 
geal dura and Z is organizing bloocf clot at inner margin of cyst. 
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DISCUSSION' 

In JOl'J, Korwitz® and later Hannah,- Kaump and Love^ and Baker’ described 
hemorrhagic C 3 'sts of (he dura as true intradural hematomas. In fact, Baker 
Avas of the. opinion that there is never a fibrou.s organization witli c.v.st formation 
resulting from subdural hemorrhages and (hat the blood, both free and clotted, 
from such hemorrhages, is eventuall.v ab.sorbed. To m.v knowledge, a typical 
chronic hemorihagic cyst ha.s never been pi-oduccd c.vpcrimentally and is not 
found after craniotonyy. The great majoritv of neurosuigeons and pathologists 
writing on the subject of “subdunil hematomas” describe the condition as the 
result of subdural hemorrhage with fibrobla.stic organization and a .subsequent 
cyst, formation. Timotlyv Leary’’ has verbally jirovcd that intradural hema- 
tomas are impossible. His colleague, Munro,' who has reported 310 case.s of 
"subdural hematomata,” feels that no one should write on the .‘•ubjects of clinical 
manifestation, treatment, or pathology of 1he.se hematomas unless he h;is 100 or 
more cases to report and that fewer case.s would not add to the present accepted 
knowledge of these subjects. I do not have suiricient e.vjierience with chronic 
hemorrhagic c\-sts of the dura to say whether thev develop from subdural 
hemorrhage. That .self-perpetuating, chronic hemorrhagie c.v.sts do occur as a 
result of intradural hemorrhago.s is be\'ond que.stion. During tlie last ,vcar, I 
have seen six instances of intradural hemorrhage. Onh' one of these was as.so- 
ciated with the librol.vtio degeneration of the dura. Four of the othci-s had 
unusuall.v advanced hyalinizcd changes in the meningeal dura associated with 
what appeared to be a tendcnc\' for the la.vcr.s to split parallel to the surface. 
Only two of these dural hemorrhages were large enough to cause death, and these 
two Avere associated with multiple small hemonliages at scattered points in the 
dura. In onh' one of the 0 cases had the hemorrhages formed a true chronic 
hemorrhagic c.vst. It is obvious that there are other causes of intradural hemor- 
rhages besides fibroI\'tic degeneration. 

Simple cj'sts located in the dura mater arc indeed rare, since apparently onh' 
two cases have been recorded. One dc.scribcd b.v ^'oss,* occurred in the dura of 
the spinal cord and its histogenesis wa.s not ajiparent. 'I'lie other, described bv 
Ha.ymaker and Foster,” appeared to be a congenital failure of fusion of tiie 
embrj'onic laA'crs of the dura and occurred in the occipital fossa. There are 
several ej'sts described as spat ialh' related to the dura and principalh' re.sulting 
from congenital defects. 

Inasmuch as an apparent error is being propagated in the literature concerning 
the histogenesis of clu’onic hemorrhagic cA'sts of the dura, the atithor wonders if 
there is not a similar error related to the rarel.v described "subdural In’droma.” 
Theoretically, this is a collection of cerebrospinal fluid in the subdural space as a 
result of a break in the arachnoid membrane. Is it possible that a more careful 
examination might reveal this fluid to be enclosed in the thin split la.vers of the 
meningeal dura? 

SUM.AIARY 

A new pathologic entit.v, idiopathic fibrol.vtic degeneration of the meningeal 
dura, is described with its two complications, intradural hemorrhagic cyst and 
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intradural simple cyst: Tliere are other causes of intradural hemoiThages and 
self-pei-petuating hemorrhagic cysts. The need of a better understanding of the 
pathogenesis of dural hemorrhage.s is stressed in spite of the almost general 
agreement expressed in the present day literature on the subject. 
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RELAPSING FE^^ER AT LAKE TAHOE, CALIFORNIA-NEVADA* 

LAWRENCE PARSONS, M.D. 

From the Department of Pathology, Si. Mary’s Hospital, Reno, Nevada 

Lake Tahoe, situated partly in California and partly in Nevada, about 50 
miles southwest of Reno, Nevada, is probably the most important endemic 
focus of relapsing fever in the United States. An estimated’ 250,000 vacationists 
visit Lake Tahoe each year, coming in large numbers from June to September. 
They return to their homes at distant points in the United States and become 
peiplexing diagnostic problems, since relapsing fever, although well known to 
the medical profession in California, Nevada and the other western states where 
it occurs, is comparatively unknown in the East. 

Since 1935, the writer has examined blood specimens containing Borrelia 
rcciirrenUs in from G to 12 different patients each season. This is undoubtedly 
only a small part of the annual number of cases, since many arc diagnosed and 
treated in California, while others are either treated empirically, or are un- 
diagnosed. 

The relapsing fever season begins late in the spring and is usually finished by 
the late fall, although a few infections have been known to develop even during 
the winter months. Relapsing fever is known to exist in thirteen western states 
(Arizona, California, Colorado, Idaho, Kansas, Montana, Nevada, New Mexico, 
Oklahoma, Oregon, Te.xas, Utah and Washington), In British Columbia, and 
one case® has been reported in IMaryland. Most of the reported cases have been 
from California and Texas, with Big Bear Lake, in the San Bernardino mountains 
about 60 miles east of Los Angeles, and Lake Tahoe as the most important en- 
demic foci in California. Briggs,® reported the first cases of relapsing fever in 
California, in the summer of 1921. The disease was acquired on the Truckee 
River, about 20 miles from Lake Tahoe. Magee,® then a student of Briggs at 
the University of California Medical School, encountered the infection in patients 
from Lake Tahoe, in the summer of 1934. I am indebted to him for learning 
of the existence of the disease there. 

The excellent monograph* of the American Association for the Advancement 
of Science can be highK recommended to those interested in all phases of the 
subject. The spirochetes, Borrelia rccttrrenlis, causing the disease, are harbored 
in chipmunks and gray tree (tamarack) squirrels abounding in the environs of 
the Lake. The disease is transmitted to man bj’’ the bite of certain Ornithodorus 
ticks living upon these rodents, chieflj' 0. hermsi and 0. parkcri. 0. hcntisi is 
small, measuring about G by 3 mm., and its bite is seldom noticed bj' man owing 
to its characteristic feeding habits. The tick often feeds nocturnally, does not 
bury its mouth parts into the skin as do ordinary wood ticks (genus Demiacentor), 
feeds from a few minutes to an hour, drops off after feeding and, ordinarily, leaves 
little or no local reaction at the site of the bite. Occasionallj% a well marked area 


* Received for publication, Februarj' 8, 1947. 
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of eryi:hema and a vheal appear, but usualh' the patient with the disease cannot 
recall ha\ing been bitten by an}* insect. 

The onset of the disease is sudden, following an incubation period of about one 
week after the tick bite. Chills, fever ranging from 100 F, to 106 F., Avith an 
average maximum of 104 F., generalized aching, malaise, severe headache and 
sweating are the commonest sj-mptoms. Nausea and vomiting occur frequently. 
These sjunptoms are often mistaken for an attack of influenza, or upper respira- 
tor}' infection, but a knowledge of the seasonal occurrence of the disease and 
its geographic distribution will lead one to suspect relapsing fever and search for 
the spirochetes in the blood. The organisms are present during the febrile period 
and rarely are found during the afebrile intenml. The feA'er lasts from two to 
five days and usually stops abruptly. There is an afebrile period of approximately 
six to ten days during which the patient usually feels well. Then, in untreated 
patients and, occasionally, in treated patients, a sudden febrile relapse occurs. 
Sometimes, the patient suggests the diagnosis to his phA'sician b}* sajung, “I had 
the same sjTnptoms at Lake Tahoe about a week ago.” In untreated subjects, 
the disease lasts about three months, the febrile paroxysms gradually becoming 
milder and shorter until the disease finally bums itself out. 

Physical e?mmination usually reveals nothing distinctive. Slight enlargement 
of the spleen is present in about one-third of the patients. Jaundice is not 
common, but the writer recalls one man who was markedly jaundiced, very ill, 
and had aleukoc3'te count of 15,000 per cu. mm. These findings are unusual. 
In his blood smears, the spirochetes Avere quite numerous, one or tAA’o being 
general!}' found in a single field under oil immersion, Avhich is also an uncommon 
finding in patients infected at Lake Tahoe. A macular rash on the extremities 
is rare in the California cases, but it occurs in about 50 per cent of infections in 
Texas. The pulse rate is usually moderately accelerated. Some patients haA’e 
a din% red throat AA'hich, AA'ith the rales occasionally heard, may lead to an er- 
roneous diagnosis of upper respirator}’^ infection or influenza. A little albumin 
and some casts in the urine are commonly found and represent no contra- 
indication to arsenical therapy. 

Special mention of the leukocyte count should be made. I haA'e found that in 
the vast majority of cases in Avhich blood counts AA-ere made, the number of 
leukocytes A'aried betAA'een 7,000 and 9,000 per cu. mm., AA'ith no increase in 
neutrophils and no shift to the left. I haA'e not infrequently suspected relapsing 
feA'er in patients Ausiting at Lake Tahoe during the summer months, Avho had 
a high fev'er and a normal AA'hite blood cell count. In fact, Morrison' aa'Ss led to 
suspect the disease before the beginning of the usual season in T^Iay, because of 
the feA^er and the normal leukocyte count. 

L.A.BOR-\TORY DLVGX03IS 

Borrelia rcciirrentis is an actiA'ely motile blood spirochete of variable length, 
about 10 to 30 microns, having fairly AA-ide spirals AA'hich var}' from three to 
tAA'elve in number. It closely resembles B. vwccnti in fresh and stained prepara- 
tions. It is rarely found during the afebrile interA'als and sometimes is difficult 
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to find in febrile patienfs, oven when the fever is at its hciglit. In striking 
conti'ust, large numbers of spiroehetes are readily found in the disease as it 
occurs in India, China and Africa. The organism stains readily in blood smears 
by Wright’s stain or other blood stains. 

In the fresh state, it is highly motile. Motility is not only a.xial, but the 
organism frequently floubles u})on itself anri darts aciuss the dark field so that it 
is often difficult to keep it in vision. In fresh blood specimens, the motility 
persists for about four to six day.s at room temperature. Thus, it is possible to 
keep a test lube of clotted blood on hand for piirposX's of demonstration. In 
rare instances, 1 have found that the organisms will flisap})car overnight in semm 
of clotted blood. For this reason, it is advi.sable to make dark fiekl examinations 
of fresh blood specimens only and to prepare several smears of the bloorl at the 
same time. The writer has failed, on two occasions, to find the spirochetes by 
dark field examination of a clotted specimen of blood on the day following their 
demonstration in stained smears by a technician. The routine practice in this 
laboratoiy i.s to prepare several rather thick smears b\' the two-slide method, 
stain with Wright's stain and examine them while the blood is clotting in the 
bacteriologie incub:itor. The spirochetes are often found first in the stained 
.smears, but many times the dark field yields a i)ositive diagnosis when either no 
organisms, or veiy few organisms, are found in the smears after a long search. 

After ten year.s of oxijorience, the writer is convinceii that dark field e.xami- 
nation offers the ciuickest and .simplest means of finding the organism. Thin 
blood smears stained with Wright ’.s stain are the least sati.«factorA-. a.s the organ- 
isms are either not found at all. or else are found only after a search of an hour or 
more. Thick drop preparations are time-consuming, are not always positive 
and are unnecessary when the dark field method is u.-ed. ^\'hen the patient is 
not available for securing a small amount of fresh capillaiy or venou-s blood, 
however, rather thick blood smears freciuently are satisfactory, but often a con- 
siderable search is retiuired before the first spirocliete is found. 

For dark field work a small .amount of fresh whole cajtillary or venous blood is 
allowed to clot in a test tube, .\nticoagulants should not be used. Clotting 
maj' be hastened in the incubator at 37 C. small loopful of serum with a 
moderately heavy red ceil suspension is transferred to the extra thin microslide 
and a 1 cover glass is pressed gently upon it in order to prevent floating of 
the cover glass aiul to avoid convection currents which ma>’ carry the .spirochetes 
out of the field. A moderate number of erythrocytes in the oil immersion fields 
is de.sirable to aid in focusing. Large numbers of erythrocytes may obscaire the 
finding of spirochetes, but their agitation b\- the highly motile organism often 
directs attention to its presence. 

The waving, undulating, threadlike objects, apparently fibrin threads, often 
seen in dark field examination of blood, whether containing spirochetes or not, 
cannot be mistaken for B. rccurrcniis, which is so highly motile as to be unmis- 
takable. Freciuently, the organism.s arc found quickly, but one half hour s 
search may be necessary, on rare occasions, particularly in instances in which 
there have been several relapses. Clear blood serum, which has been removed 
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from the clot, maj* be centrifuged so as to concentrate the organisms. The 
supernatant portion is then poured off and the sediment mixed with a small 
loopful of blood for dark field examination. I have found this method helpful 
occasionally when organism.s were not found without centrifuging. 

Animal inoculation has not been done in the writer's laboratoiy . L'ndoubtedlv 
the intraperitoneal inoculation of whole blood into mice is advantageous from a 
scientific standpoint, but its practical use is questionable. The patients are 
usualh’ veiy sick and a quick diagno.sis is demanded. The incubation period in 
mice may be as long as twelve days before the spirochetes are demonstrable in 
preparations from the tail blood. This is an obvious drawback to early diagnosis. 
In this locality, either the organisms are found by the dark field method or the 
patient is given a therapeutic test. 

PROGNOSIS AND TRE.Jl.T.^rENT 

To m 3 ' knowledge, no fatalities hai'e occurred among the patients infected at 
Lake Tahoe. The disease graduali\' diminishes in severit 3 ' in untreated patients 
in about three months. As a rule, the infection is verv susceptible to the various 
arsenic compounds used in the treatment of S 3 'philis. yeoarsphenamine 
administered intravenousl.v is the drug commonK' employed. The dose usualh' 
given is 0.45 gm., although some ph 3 'sicians use 0.6 gm. To be eliecth'e, it must 
be given during the febrile period, .since relapses are commoner when the drag 
is given during the period of remission. Occasionalh*, relapses occur even when 
treatment i.s instituted during the fever, but this is uncommon. In .such in- 
stances, the higher dose, O.G gm. is advised, care being taken to administer it 
as earh' in the febrile period as possible. Mapharsen has also been quite success- 
ful and i.s given intravenoush' in a do.se var 3 'ing from 0.03 to 0.06 gm. Sulfans- 
phenamine is used for infantsand for those patients whose veins are too small to 
inject. The dose for infants and children is 0.01 gm. per kg. of bod.v weight and 
the usual single full dose for adults is from 0.4 to O.G gm. As a rule, the first 
dose of the above drugs stop.s the disease promptly and recurrence.s arc un- 
common. Except for rather vaiv ocular complications, the prognosis i.s c.xcel- 
lent. 

Heilman and Herrell^ have proved the effeetivene.-s of penicillin in the eradi- 
cation of recurrcnlis from the blood of experimentally infected mice after four 
da\'s of continuous treatment. Fischer’ has reported a case of a patient who had 
had four relapse.^ and was cured after four dax'S of treatment with penicillin. 
His patient was given intramuscular injections of GO, 000 units at three hour 
intervals and remained well sevcnt 3 '-two daA's later. The winter suggests four or 
five dai's of .rimilar penicillin therap 3 ’ in the rather rare instances in wiiich relapses 
occur in spite of several intravenous injections of one of the arsenicals mentioned 
above. 
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estimated that about 250,000 persons visit there annually in noimal times. The 
disease is transmitted to man by the bite of small Ornithodorus ticks vhich 
live on chipmunks and gray tree squirrels. The causative organism, Borrelta 
recurreniis, is frequently difficult to demonstrate in blood smears from patients 
because of a paucitj' of organisms, but during the febrile period is ea.sil}' found 
in dark field e.xamination of blood senim. Neoansphenamine and mapharsen 
administered intravenously are recommended for treatment, one dose usually 
effecting a cure. Penicillin is recommended for tho.se patients in whom relapses 
occur in spite of arsenical treatment. No fatalities have been reported to date 
from this area. 
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EDITORIAL 


The Dev’'elopment of Clinical Pathology as a Specialty of I^Iedicine 

The organization of the American Society of Clinical Pathologists was the 
first step in the establishment of clinical pathologj’ , as a specialty of medicine. 
Since that time, we have seen clinical pathologj^ gradually emerge through the 
years as a distinct and separate, but highly important, specialty. The morpho- 
logic pathologist has always been recognized as the final authority in anatomic 
diagnosis, but vith the development of our knowledge of other fields, such as 
baeteriologj% serologj’ and biochemistiy, we have been enabled to recognize 
abnormal function before changes in form occur. Thus, the greater adaptability 
of clinical pathologj' has led to a demand for more clinical pathologists and 
more clinical laboratories. The clinical pathologist is in a unique position 
because of his association with all branches of medicine. By virtue of this unique 
position, the pathologist, hanng acquired a well rounded education and ex- 
perience, should come to occupj’^ a place of leadership among his fellow prac- 
titioners. 

In order to elevate the position of the pathologist, as well as the practice of 
clinical patholog}^ it is essential that the pathologist of the future be properly 
trained, that provisions be made for continued instruction after graduation, 
that pathologists’ groups be thoroughly organized, that laboratories be certified 
and methods be st-andardized. In addition, a program of lay education should 
be developed to make the patient aware of the value of laboratory* methods in 
the diagnosis and control of disease and make him more receptive to the need 
for laboratory^ studies. 

Frank W. Konzelmann 

Dei*eloping the Inv'estig.ati\t3 Habit 

Aside from the multiplicity of duties clinical pathologists are called on to per- 
form, many of them have certain self-imposed obligations. We refer to the 
obligation for regular study, investigation and writing. By nature and tempera- 
ment, most pathologists are inclined to pursue .such endeavors as a part of their 
w’ork. Those of us who fail to do so often excuse ourselves by saying we are 
“too busy,” but, actually, we have merely not developed the habit. Obviou.riy, 
if the desire to study, investigate and publish be sufficiently great, this habit, 
“the investigative habit,” will be developed. 

It would seem that every pathologist could arbitrarily set aside a given portion 
of each day or week, preferably during regular hours, for such endeavoi*s. .This 
effort should not be regarded as an indulgence in luxuiy , but rather as an cssent ial 
scientific obligation which is voluntarily assumed. Such an effort may be 
initiated at any time, as part of one’s regular schedule and, if persisted in, should 
quickly lead to stimulating and productive re.sults. 

Almost even* pathologist could find sufficient time to study his material and 
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the related literature and, each year, write two or three ease reports worthy of 
publication. As the “investigativejiabit” is developed, the pathologi.st .should 
soon become engaged in .some organized .study and should also produce, eaeli year, 
perhaps one serious paper suitable for publication. 

The field of clinical pathology is in the vanguard of progress in medicine. 
Many advances in medicine come in by way of the laboratorA' where diagnose.s 
are verified and methods of treatment are subjected to control. Consequently, 
the clinical pathologist holds a key po.silion in the ho.spital and in the communit}-. 
It is, therefore, jjarticularly important for him to develop the investigative habit 
and report his own original observations. If he does not, he may well ask 
him.self if he is measuring up to the re.sponsibility which he assumes as a 
pathologist. 



BOOK REVIEWS 


Entstchung nnd Frtiherfassuvg dcs Porlioharkinoms. Bj' Dr. H.j^nsjakob Wespi, Chefarzt 
der geburtshilfiich-gj’nakologischen Abteiiung am Krankenhaus Frauenfeld. 183 pp., 
94 figs. 18 francs. Basel : Benno Schwabe & Co., 1946. 

This book deals principalh'-nith the diagnosis of early carcinoma of the portio vaginalis 
uteri as made by histolopc studies and by examination through the colposcope. The au- 
thor recognizes a number of histologic changes which finallj- may culminate in the classical 
carcinoma. Among the intermediarj* stages he differentiates -.“simple atypical epithelium” 
(increase in prickle cells, superficial parakeratosis, hyperkeratosis), “di.sturbed epithelium” 
(few atypical cells, but slight increase of mitoses), "non-carcinomatous increasingly atyp- 
ical epithelium” (atypical cells not characteristic enough to be regarded as carcinomatous), 
“surface cancer” (pre-invasive carcinoma or carcinoma in siiit). The simple atypical epi- 
thelium, however, is not neeessarilj- to be regarded as precancerous since it may be present 
in a number of conditions unrelated to cancer. Because of the fact that in many instances 
the various changes of the cervical epithelium have been recognized by the use of the colpo- 
scope and verified on histologic examination, the routine colposcopic examination of women 
over 30 is emphaticallj' stressed. 

A small portion of the book is devoted to considerations of the possible origin of carcin- 
oma. From his studies of ver 3 - early carcinomas, the author stresses the multicentric origin 
of the so-called “non-carcinomatous, increasing^- atj-pical epithelium” and of early can- 
cers. He takes this multicentric origin as evidence that healthy cells somehow are changed 
by adjacent tumor cells and thus develop into cancer cells. It is thought that perhaps a 
virus is responsible for such changes. 

Many case histories arc quoted and the histologic and colposcopic findings are given in 
detail. There are excellent photomicrographs to illustrate the author’s clas.sification of 
cellular changes. Tliere are 176 references, but as would be expected, the more recent .Am- 
erican literature* which was probably not available to the author, has been omitted. 

Chi cago Otto S.aphi r 

Quantiiativc Clinical Chemistry. Inlerprelalions. Volume 1, Ed. 2. By Joh.v P. Peters, 
M.D., and Donald D. V.vx Slyke, Ph.D., Sc.D., Member of the Rockefeller In- 

stitute for Medical Research. 1041 pp., 62 figs,, 40 tables. $7.00. Baltimore; The Wil- 
liams & Wilkins Company, 1946. 

The first volume of the long awaited second edition of “Interpretations” lives up to its 
high expectations. This outstanding treatise, the first edition of which set a standard for 
books in clinical chemistiy-, has now been expanded into two volumes, of which only the 
first volume has been published. The present volume is divided into four parts: Part I, 
Energj' Metabolism; Part II, Carbohydrates; Part III, Lipids; and Part IV, Protein Metabo- 
lism. The bibliography pertaining to these four parts contains more than 2-300 references to 
the literature. 

Owing to the rapid advances in clinical chemistiy since the appearance of the first edi- 
tion in 1932, the authors found it necessary to recompose the text in toto. The present vol- 
ume is a valuable reference book for ph 3 -sicians interested especially in laboratory medicine 
and summarizes a great fund of information for the research worker in the related fields of 
medicine and biochemistrj-. 

Philadelphia F. Wilu.vm SuKDERis.\.\ 

Mongolism and Cretinism. A Sludij of the Clinical Manifestations and the General Pathology 
of Pituitary and Thyroid Deficiency. By Cj.emens E. Bend.a, M.D., Director, Wallace 
Research Laboratory for the Study of Mental Deficiency, Wrentham, Ma.ss., Instructor 
in Ncuropathologv-, Har\-ard Medical School, Assistant in Psychiatry, Massachusetts 
General Hospital, I.A:cturer, Postgraduate Seminar, Massachusetts Department of 
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IMcnlnl ricftlUi. 310 pp., 101 illus.,48 tables. $G.50. New York: Grunc anti Stratton 

1916. 

It is estimated that there are about 00,000 living mongoloids in the United States and 
that about 17 are born daily. A cheek of latest editions of six popular textbooks on pathol- 
ogy netted four lines on mongolism in only one of them. The other texts did not even 
mention it in the index. 

Dr. Henda dc.serves commendation for a valuable contribution to a field of medical 
literature which has been sadly neglected. 

The monograph is based on a study of 300 patients over a period of ten years and includes 
fifty autopsies. Cretinism has been included mainly as a means of comparing a much 
better known disease, due to thyroid deficiency, with a less well known disease due, accord- 
ing to Benda, to congenital hyjjopituitarism. A considerable number of new details re- 
garding cretinism has been added. The subject is presented with great detail in twelve 
chapters, the headings of which reveal the extent of the material to be found: history, 
physical characteristics, mental dcvnlopmcnt, nervous system, endocrine pathologj- (thy- 
roid, pituitary, gonads and suprarcnals), general pathologj- (especially valuable for pathol- 
ogists), growth and development of skull and bones, x-raj- studies, hematology and bio- 
chemistrj’ (much information not casilj- found elsewhere), relation of mongolism to the 
maternal condition, prevention of mongolism, and principles of treatment. Mongolism 
and cretinism arc discussed in each cha))fcr. 

It is not at all certain that the basic concept of mongolism being caused bj- hj-popitui- 
tarism is correct. Further investigation may support or disprove this concept without 
affecting the basic value of the book as a complete summary of present day knowledge of 
the condition. 

There arc excellent summaries following each topic. The monograph reflects great 
erudition and much original investigation and thinking. The hibliographj- and indexes 
arc complete and well organized and the external appcanince is pleasing. 

Chicago I. D.^vidsoh.v 

Clinical Hematology. Ed. 2. Bj- MAXWKt.i, M. WixTnonE, M.D., Ph.D., Professor of 

Medicine, Universitj- of Utah, School of Medicine, Salt Lake Citj-, SC2 pp., 197 eng., 

14 plates, 10 in color. $11.00. Phil.adelphia: Lea and Fcbigcr, 1916. 

The author has brought up to date (he first edition of his book which has alrcadj- become 
established and accepted as the standard text and reference book in hematology. The 
material on the crj-throcj-tc has been expanded to include a chapter in discu.ssion of the 
production and destruction of the red corpuscles. Of particular interest is the section on 
folic acid with an evaluation of this drug uj) to the date of imblieation. The chapter on 
general considerations and treatment of anemia is enlargctl to include commctits on sul)- 
stanccs other than iron. The aut hor succinct Ij’ describes the management of poK-cyt hernia, 
using radioactive phosphorus. A discussion on the clinical effects of nitrogen mustard in 
the treatment of the Ij-mphomatous diseases is included with particular evaluation in 
patients with Hodgkin’s disease. The chapter on anemia in infancj- and childhood is 
enlarged with special reference to the recent publications and newer knowledge of the Hh 
factor and crj-throblastosis fetalis, .^s another example of the author’s efforts to bring 
his book up to date, he has commented on the use of globulin fraction I in the treatment 
of patients with hcmoi)hilia. Descriptions of such recenllj’ described diseases as acute 
infectious Ij-mphocj-fosis are also included. 

The bibliograplij’ at the end of each chapter refers to the most important contriliutions 
on the subjects presented. The reviewer regards this book as the most complete and 
comprehensive published in the field of hematologj’’ up to the present time. 

Brooklyn, N. F. LeoM. Mkyer 

An Allas of the Commoner Skin Diseases. Ed. 3. Bj- IIeniiy C. G. Semo.v, M.D., D.M. 

Oxon., F.R.C.P., Phj’sician for Diseases of the Skin and Lecturer to Postgraduates, 
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Royal Northern Hospital, Consulting Dermatologist, Hampstead and North-West 
Ixjndon General Hospital. 339 pp., 139 color plates. $12.00. Baltimore; The 
IMlliams & Wilkins Company, 1946. 

This atlas contains 139 Kodachromes of skin lesions taken from living subjects. The 
excellence of the plates and the "life interest” invite one to scan all of its pages at one 
silting. While the volume has more particular appeal and practical value for the clinician 
than for the pathologist, the latter vill also find many photographs to arrest his attention. 
For the practitioner, it certainly can be recommended. 

The general pathologist vrould velcome an atlas on dermatologic histopatholog}’ pos- 
sessing similar excellence in photograph}', if the photomicrographs v/ere accompanied by 
accurate descriptions of the essential lesions. 

S.E. G. 

Concise Chemical and Technical Dictionary. Bv' H, Bexxett, Technical Director, Glyco 
Products Company, Inc., Fellow American Institute of Chemists, American .Association 
for the Advancement of Science, Editor-in-Chief, The Chemical Formulary', Practical 
Emulsions, Commercial Waxes. 1055 pp. $10.(X). Brooklyn, N. Y.: Chemical Pub- 
lisliing Company, Inc., 1947. 

This dictionary of 1055 double-columned pages has a pleasing make-up. The terms to 
be defined are set in bold type and the definitions are concise and easily read, the second 
and succeeding lines each being indented. Chemical formulas and chemical properties 
are included wherever indicated. .Also included are tables listing the Greek alphabet, 
Greek symbols used in chemistry', mathematical symbols, tables of weights and measures, 
equivalent measures, chemical elements and their discoverers, temperature conversion 
tables, indicators, vitamin values of foodstuffs, structural formulas of important organic 
ring systems (covering 19 pages), and an addendum of recent terms. 

The pathologist will find in this handy volume a great deal of useful information not 
available in standard medical dictionaries. 



NEWS AND NOTICES 

International Hematologv and Rh Conference 

The International Hematology and Rh Conference was held in Dallas, Texas, on Novem- 
ber 15 and 16, 1946, under the sponsorship of Baylor Hospital, and in afiiliation with the 
Second Mexican Congress of Blood Transfusion. The opening sessions were held in Baylor 
Hospital, Dallas, Texas, and the closing sessions at the Juarez Hospital, Mexico City. 
The officers for the meeting were Dr. Joseph M. Hill, chairman, and Dr. Sol Haberman, 
secrctarj’, for the Dallas sessions, and Dr. Eduardo Uribe Gucrola, president, and Dr. 
Alfonso Velez, secretary, for the Mexican Transfusion Congress. The meetings were 
open to members of the medical profession and to workers in the biologic and chemical 
sciences interested in the stud 3 ’’ of blood, English and Spanish were the official languages 
at both meetings and the services of interpreters were offered to those having language 
difficulties. The United States was heavily represented b^’ registrations from 21 States 
and the District of Columbia. There were 16 registrants from Mexico, 2 from Canada, 
1 from England and 1 from China. Difficulties in obtaining transportation prevented 
invited guests from Greece, Italj', Poland, Argentina and Colombia from attending the 
meetings. 

The program of the International Hematology and Rh Conference in Dallas was as 
follows: 

A Brief Survey of the Rh Factor. — Philip Levine, Raritan, N. J. 

Interrelationship between the Rh System and the .A-B System. — Ernest Witebsky, 
Buffalo, New York 

The Nucleolar Structure of the Blood Cells. — Ignacio Gonzales Guzman, Mexico City 

The Rh Genotj’pes and Fisher’s Theorj’. — Robert R. Race, London, England 

Rh Hemolytic Immune Globulins: Evidence for a Possible Third Order of Antibodies 
Incapable of Agglutination or Blocking. — Joseph M. Hill and Sol Haberman, Dallas, 
Texas 

Hemolytic Mechanisms. — William Dameshek, Boston, Mass. 

Physiochemical and Immunological Character of the Rh .Antibodies. — Louis K. 
Diamond, Boston, Mass. 

Rh Antibodies. — Israel Dayidsohn, Chicago, III. 

The Frequency of the Rh Factor in Different GroU|)s of the Me.xican Population. — 
Mario Salazar Mallen, Mexico CiU- 

Variation in the Outcome of Pregnancies in which Erythroblastosis Occurs. — Bruce 
Chown, Winnipeg, Manitoba, Canada 

The conferees then flew, on November 17, to Mexico Citj' to attend the Second Me.xican 
Blood Transfusion Congress, which was held in the Palace of Fine Arts, with members 
from Canada, England and the United States as honorarj' guests of the Assemblx' of Sur- 
geons. Addresses of welcome were made bj- Dr. Miguel Lavalle, President of the National 
Assemblj' of Surgeons, Dr. Salvado Zubiran, Rector of the National Universit}' of Mexico, 
and by Dr. Gustavo Baz, Secretary of the Department of Public Health and Assistance 
of Mexico. 

During the meeting, visits were made to the Hospital of Jesus, which is the 
oldest hospital in the Western Hemisphere, having been in operation since 1554, and to 
the Militar^^ Hospital, which is the most modern hospital in Mexico. The members were 
officially received bj’ the National Academy of Surgery on November 19, and on November 
21, by Dr. Francisco Castille Najera, the Minister of Foreign Affairs. 

The following program was presented in both Spanish and English; 

Production and Use of Anti-Rh Serum. — J. M. Hill and Sol Haberman, Dallas, Tex. 

The .A and B Factors ns Possible Causes of Erythroblastosis. — Alfonso Velez Orozco, 
Me.xico, D. F. 
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Demonstrations of Technics of Rh Testing— Sol Haberman and J. M. Hill, Dallas, Tex. 

Subgroups of the Rh Factor. Demonstration of the Genetics of Rh and Other Xew 
Blood Groups. — R. R. Race, London, England 

Percentages of the Rh Subgroups in Mexico.— A. V. Orozco and Rolando Medina Aguilar, 
Mexico, D. F. 

The Individuality of Human and Animal Blood.— Philip Levine, Raritan, X. J. 

The Importance of theRh Factor and Historical Developments.— Philip Levine Raritan 
X.J. 

The Use of ACD Solution in Blood Banking. — R. Medina Aguilar, Mexico, D. F. 

The Histopatholog>- of Erythroblastosis.— I. Gonzales-Guzman, Mc.xico, D. F. 

The Treatment of Erythroblastosis by Complete Exchange Transfusion (motion picture! . 

— Harry' Wallerstein, X'ew York, X. Y. 

On Xovember 23, the concluding sessions of the meetings were held with Dr. Eduardo 
Uribe Guerola, President of the Mexican Transfusion Congress, and Dr. Joseph M. Hill, 
Chairman of the International Hematology Conference, presiding as co-chairmen. The 
following recommendations were adopted: 

1. The term fetal erythroblastosis is to be retained temporarily for cases resulting from 
isoimmunization of mothers by Rh, Hr and other blood factors. 

2. Use of the terms Rh-positive and Rh-negative along with homozygous and 
heterozygous is to be retained for clinical use. 

3. A committee for the study of terminology of blood antigens was appointed by the 
chairmen of both meetings. The committee wa.s charged with the re.sponsibility of making 
recommendations for standardization of terms for these antigens and their subgroups. 
Both organizations strongly recommended that the terms glutinins, X-protein and con- 
glutination be withheld from acceptance until further study is made. The Fisher-Riico 
theory of inheritance in nomenclature of the Rh-Hr subgroups was recommended for 
temporary acceptance until the problem can be reviewed. It was concluded that, in the 
light of our present- knowledge, the Fisher-Race theory, using the CDE system of classi- 
fication, was most suitable for serologic and genetic study of the Rh-Hr subgroups. The 
committee is to consist of Dr. Philip Levine, Raritan, N. J., chairman; Dr. R. R. Race, 
London, England; Dr. J. M. Hill, Dallas, Texas; Dr. Bruce Chown, Winnipeg, Canada; 
Dr. E. Uribe Guerola, Me.xico, D. F.; Dr. Israel Davidsohn, Chicago, Illinois; and Dr. Sol 
Haberman, Dallas, Tc.xas. 

4. A routine Rh testing for all transfusions and pregnancies was recommended. Since 
Rh serum is not available on a world-wide basis, the folloiving recommendations were 
made: When serum is not available in large quantitie.s, only women should be routinely 
tested for the Rh factor, Anti-D serum having So per cent specificity, or anti-CD serum 
having S7 percent specificitj’should be used. If the population or race of people concerned, 
only rarely exhibits Rh negative individuals, routine testing may be restricted to the female 
sex. If, however, the group has the normal, or approximately normal, distribution of 
individuals who are Rh negative, routine testing of both sexes must be done. 

5. Chown’s capillary test vras recommended for routine Rh testing when testing serum 
with saline agglutinins. If a nonsaline agglutinating serum is all that is available, the 
Diamond lest, using the slide method, or, in suitable cases, the Chown capillarj- lube test, 
are highh' recommended. These technics, however, are to be left for review by the com- 
mittee. 

6. The compatibilitj' test of Witebsk 3 ' for use as the crossmatch in blood banking v,as 
highly recommended, but not adopted. 

7. Dr. J. M. Hill of Dallas, Texas, announced that Baj'lor Hospital, and the William 
Buchanan Blood Bank and Scrum Center, have offered their facilities in a cooperative 
project for the production and standardization of serum. This organization is now oper- 
ated on a non-profit basis with all income in excess of cost going to re.search. It is contem - 
plated that the funds received from this project mav' be used in part to finance and support 
an international organization for the study of blood. The committee appointed to study 
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this matter is composed of Dr. J. M. Hill, chairman, Dallas Texas; Dr. Louis K. Diamond, 
Boston, Mass.; Dr. W. S. Stanbury, Toronto, Canada; Dr. Luis Gutierrez Villegas, Mexico 
City; Dr. Ernest Witebsky, Buffalo, N.'Y.; and Dr. A. E. Mourant, London, England. 

The joint meetings held in Dallas and Mexico City were successful in bringing together 
investigators from five countries and resulted in a free exchange of information and ideas. 
The hospitality extended in both cities made the meeting most cnjoj'able, while the inter- 
national tone of the sessions fostered good will and understanding. The formation of an 
international society for hematology seems de.sirable. 

SonHABEn.MAN, Pir.D., Secretart 
International nematotog 3 ’ and Ilh Conference 

Texas Society of Pathoi-ooists 

The Tc.xas Societj' of Pathologists held its annual meeting at Houston, Tc.xas, January 
26, 1947. The morning was devoted to a businc-ss session and, in the afternoon, a seminar 
on microscopic pathology was held at Bajdor Universitj' College of Medicine. Dr. S. A. 
Wallace, of Houston, conducted the seminar. 

Officers of the Socictj’ for 1947 arc: Dr. D. A. Todd, San .\n(onio, president; Dr. W. W. 
Coulter, Houston, president-elect; Dr. John F. Pilcher, Corpus Christi, vice president; 
and Dr. C. T. Ashworth, Dallas, secretarj--trca.surer. 

The next meeting of the Socictj' is scheduled to be hold .lanuary 25, 1948, at Galveston, 
Texas. 


American Society for the Study of Stf-rii.ity 

The third annual convention of the .American Society for the Study of Sterility will be 
held at the Hotel Strand, .Atlantic City, Xew Jersej’, June 7 and 8, 1947. The convention 
will include original papers, round table discussions, scientific exhibits and demonstrations. 
Registration for the sessions is open to members of the medical and allied professions. 
Additional information may be obtained from the secretary. Dr. John 0. Haman, 490 Post 
Street, San Francisco 2, California. 
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STABILIZED AKTIGEX SUSPEXSIOX FOR USE IX THE ICAHX TEST* 

B. KURTZ, D.VAL, and E. M. HILL, M.S. 

From the Bureau of I^horalories. Michigan Department of Health, Lansing, Michigan 

One of the limitations of the Kahn test for sj'philis- is that the standard 
antigen when mixed for use in the test can be used for a period of onh' twent}’" 
minutes. BTien large niunbers of serums are tested, it becomes necessaiy to pre- 
pare new suspensions at frequent intervals. If only a few serums are tested, 
antigen suspension is wasted, since all of each mixture may not be used. This 
report concerns a stabilized antigen suspension that can be used in the Kahn test 
for a period of at least thirty-six hours. 

Kline'^ and others' use antigen suspensions in serologic tests which are satis- 
factor3’- for comparative^'^ long periods of time. Kalm,® in an early article, men- 
tioned an antigen suspension in which the lipins were resuspended in saline, but 
he made no mention of the length of time it was usable and did not incorporate 
this feature in his test. Recentl}’’, Price^ described a suspension, similar in prin- 
ciple to the one described below, which he stated could be used for at least six 
weeks. 

The stabilized Kahn antigen suspension described here, can be prepared in 
sufficient quantity for at least a complete daj^’s work and, most important, the 
suspension can be checked satisfactorily befoi’e use, thus assuring a uniform sensi- 
ti\dtj'^ and specificity throughout the day. Excess suspension is not wasted since 
the remainder can be used the follonung morning. 

The stabilized antigen suspensions are prepared by mixing Kahn standard anti- 
gen with 0.9 per cent sodium chloride solution as in the Ixahn technic. Thej' are 
permitted to ‘hge” for ten minutes. Following the inten'al of standing, the}* 
are centrifuged for three minutes at about 1800 R.P.M. The supernatant fluid 
is decanted and the precipitated lipins are resuspended in a volume of saline 
equal to the combined amounts of antigen and saline used in preparing the origi- 
nal suspension. Thus, if 1.4 ml. of .saline was added to 1 ml. of antigen, the 
amount of saline for the suspension would be 2.4 ml. The resuspension consti- 
tutes the stabilized antigen and is ready for immediate use. If it is to be used 
the following day, it should be stored in the dark in a refrigerator. 

The preparation of stabilized suspension with the Kahn presumptive antigen 
requires special attention in that presumptive antigen prepared in the usual 
manner is so liighly dispersed that it cannot be satisfactorib' sedimented by 
centrifugation. This difficulty is eliminated hy using 1 .5 per cent sodium chloride 
solution in the preparation of the original siLspension instead of 0.9 per cent. 

‘Received for publication, Februarj' I, 1947. 
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Otherwise, the preparation is identical with the method for preparing stabilized 
Kahn standard antigen suspension. 

Stabilized suspensions give reactions slightlj' greater than those of the origi- 
nal suspension from winch thej’- are prepared. Therefore, should one desire to 
have the same level of sensitivity, it is necessary to use an antigen which has a 
slightly low-ered sensitivity. 

The stabilized standard antigen has been used officia11.y in three series of exam- 
inations,® and unofficially in one series,® all sponsored by the United States 
Public Health Service for the evaluation of serodiagnostic tests for siTihilis. The 
stabilized presumptive antigen was entered in one of the series of evaluation 
tests. A total of 3350 specimens from persons who had been examined by nation- 
ally known syphilographers was examined in the four series. Table 1 .shows 

TABLE 1 

Data Compiu;d fuom Peni.icATioKS or U. S. Pt’ni.ic Health Sf:uvicE®- *• 


NnunER or series or evaluatios's of seeodtacs'ostic tests foe sypnais 
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three types of comjwrisons: comparison of standard stabilized antigen with the 
standard procedure in our laboratory, and with the standard procedure in Dr. 
Kahn’s laboratoiy, in two scries; comparison of standard stabilized antigen in 
our laboratory with the standard procedure in Dr. Kahn’s laboratoiy in two 
series; and comparison of presumptive .stabilized antigen in our laboratory with 
the presumptive procedure in Dr. Kahn’s laboratory in one series. 

In addition, the reproducibility of results with portions of ten specimens of 
blood serum repeated daily over a period of ten days was checked in an evaluation 
series conducted bj^ the United State.s Public Health Service.’® The curves in 
Pigures 1 and 2 represent the results with the stabilized antigens. The results 
compare favorablj’ with those obtained with the Kahn procedures. 

The stabilized standard antigen .suspension al.<o has been used in routine tests 
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in comparison with, the standard procedure in 2540 serums. The sensitivity was 
approximately two per cent greater with the stabilized antigen suspension. Satis- 

Reprodvcibiutv of Results with Staxdard Kahx axd Stabilized Standard Kahn 


Antigens 



Standard by Dr. Kahn 

Stabilized standard Ivahn antigen 


Fig. 1. The data in this figure are reprinted from Venereal Disease Informalion}^ 
* Dilutions of positive with negative specimens of serum. 


Reproducibility of Results with Presu-mptut: KLahn and Stabilized Presumptive 

KLahn .Antigens 



Presumptive by Dr. Kahn 
Stabilized presumptive Kahn antigen 


!''ig. 2. The data in this are reprinted from Venereal Disease Ii^Jormrdion}'^ 

* Dilutions of positive with negative specimens of serum. 

factory comparisons of .specificity were not made since clinical histories were not 
available. Testing of tliis stabilized antigen in other labomtorie.s would be 
helpful in evaluating its usefulne.ss in routine work. 
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SUJMMAUY 

Antigen suspensions which can be used for at least thirty-sLx hours in the Kahn 
test have been investigated and have been found to compare favorably in sensi- 
tivity, specificity and reijroducibility with the ICahn standard and presumptive 
procedures and to have definite technical advantages. 
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ESTIMATION OF PROTHRO^IBIN LEVEL FROM 
FROTH RO]\IBIN TIME* 

RICHARD E. ROSEXFIELD, AI.D., axd HAROLD S. TUFT, M.D. 

from Ihc Dcparlmcnls of Pnlhology and Medicine. Monicfiorc Hospital, 

Pi I Ish urfjh , Pen ns pica n i a 

Numerous modifications'' -• -• of QuickCs original technic’*' ” 

for the determination of plasma prothrombin have appeared in the literature. 
Eacli modification has been proposed because of a dc.sire for increased accuracy, 
better reproduciljility, or ease of technic. Recently, observere ha\'e stated that 
an increase in plasma prothrombin occurs in the presence of thrombo-omljolic 
disease-' and after administration of certain drags." - The increase can 

be detected only upon dilution of the sample to decelerate the speed of the re- 
calcified clotting time. It occurred to us that some of the proposed modifications 
might not be accurate and we, therefore, re-e.\amined the problem with the idea 
of obtaining a reliable method upon which to base further studies of thrombo- 
embolic disease. 

Quick’® showed that the concentration of prothrombin varied with the coagu- 
lation time of plasma in a hyperbolic manner. B\^ the use of an optimal excess 
of calcium ion, a maximum of thromboplastin, and a water bath at 37 C., the 
coagulation time of oxalated plasma became dependent upon the prothrombin 
concentration. In this study. Quick’s original calcium concentration of 0.025 M 
calcium chloride was used and was not varied because it appeared to be optimal.’® 

EXPERIMEKT.\L PROCEDURES AND RESULTS 
Diluent 

In order to translate the clotting time to terms of prothrombin activity, the 
clotting times of knouii concentrations of prothrombin, or of normal plasma, 
must be found. The known concentrations are prepared by diluting pooled nor- 
mal plasma with a suitable diluent, preferably plasma from which on h* prothrom- 
bin has been removed. 

Successive dilutions of pooled plasma from ten liealthy young adults, diluted 
with identical plasma treated with barium suFate, j-ielded clotting times shown 
in Table 1. A curve (Fig. 1) drawn from the.se results indicates a good hj-per- 
bolic relationship between percentage of plasma dilutions and clotting times. 
Clotting times can be observed with remarkable abruptness down to 1 per cent 
of whole plasma concentration. The clots are firmer than tho.se obtained with 
aluminum hydroxide-treated plasma as the diluent. Comparison with the cun-e 
produced by aluminum hydroxide-t rented plasma (Quick) shows that barium 
sulfate-treated plasma yields more rapid clotting times through the significant 
range of from 20 to 5 per cent (Fig. 1). 

Barium sulfate appears to be a specific absorbant of prothrombin.®- Oxa- 

* Received for publication, January S, 1947. 
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ktcd plasma treated with barium sulfate fails to clot at all when calcium and 
thromboplastin are added. Similar plasma treated with aluminum hydroxide, 



Pio.f,l 



as used by Quick,’- however, does clot in from two to twelve hours when calcium 
and thromboplastin are added. 

Barium sulfate removes approximately 80 to 100 mg. per cent protein material 
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from oxalated plasma as determined by Kjeldahl anatesis (using 6.25 N factor). 
This figure is not particularlj' close to the suggested level of prothrombin as de- 
rived by chemical fractionation.^^ The source of the extra protein is not clear 
at the present time but it can be stated that it is not fibrinogen. Barium sulfate 
removes no significant quantities of fibrinogen from plasma and alumimun hydrox- 
ide removes about 10 per cent (Table 2). Fibrinogen levels are determined b}* 
thrombin conversion and nucro-Xjeldahl measurement of the resulting fibrin. 
Correction for the dilution of plasma which results from the addition of 30 per 
cent aqueous suspension of barium sulfate or of commercial aluminum hydroxide 

T.4BLE I 

Comparison' of Prothro.mbix Times of V.uiioos Dilution's of Pooled Plasma Prepared 
WITH Barium Sulf.ate-Treated Plasma axd Alumin'um Hydroxide 

Gel-Treated Plasm.-! 


DILCTTOj; or PLASMA IK PEE CE^*T 

CLOTTIKC TIKES IN 
SECONDS, fSING BaSO<- 
TEEATED PLASMA AS 

diluent 

CLOTTING TIKES Ui SECONDS, USING 

A!(OH)i-teeated plasma (bt quick**) 

AS DILUENT 

IVTioIe plasma (no 



diluent used) 

12.4 

12 

50 

13.3 

16 

30 

15.1 

21 

25 

16.6 

23 

20 

18.1 

26 

15 

19.6 

31 

12.5 

20.7 


11 

23.3 


10 

23.9 

i 39 

9 

1 25.6 


7,5 

29.3 

i 

6 

33.3 


5 

1 36.4 

70 

4 

I 42.4 

' Curve not carried below 

5 per cent 

3 

56.8 


2 

74.0 


1 

150.0 



is made by centrifuging the mixtures in hematocrit tubes and measuring the 
actual supernatant. The ratio of this to the original plasma content of the mi.x- 
tures is the correction factor. For barium sulfate, the factor is 1 .4 for the addi- 
tion of 0.2 volumes; for aluminum hydroxide, it is 1.05 for the addition of 0.1 
volume. 

The use of saline as a diluent, as suggested by Brambel and others,^ • \yas 
also studied. The results are extreraelj' variable, and the end-points are not at 
all sharp. The method is also open to criticism because fibrinogen is diluted 
along Mith prothrombin, and the entire plasma protein balance is disturbed.’^ A 
saline solution of fibrinogen was substituted for barium sulfate-treated plasma as 
a diluent. The pH and calcium ion concentration arc difficult to control, but, 
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when carefully adjusted, the clotting times are practically identical with those 
found with barium sulfate-treated plasma (Table 3). 

Thromhoplaslin 

Odiere have been many suggested modifications of the original thrombojjlastin 
reagent devised by Quick. Brambcb suggc.sfcd a similar, but lc.«s active prepa- 
ration, presumably by retaining .small fpiantitie-s of heparin, which he hoped 
would allow greater accuracy. Tantuii and Hanfi-' propo.sed a very dilute sus- 
pension of the desiccated rabbit brain. Since the.se reports rei)re.sented e.vtremc.s 
in modifications, it was decided to compare them with Quick’.s thromboplastin on 

T.\HLK 2 

EfKKCT ok HaKIUM KuI.KATK A.VI) AnU.MI.VC.M UVUIIOXIUK GkI. on I’l.ASMA 

FinruNOGK.N Lkvei, 


Grains of filirinoKcn jircsent in 100 cc. pl.osina 

In whole pliusina 0.33 

In supernatant from plasma treated witli HaKG, 0.20 

Corrected for dilution (Xt-I) 0.33 

In supernatant from plasma treated with .M (OIOj 0.27 

Correoted for dilution (Xl-05) 0.23 


TABLE 3 

COMPAHISON OF PnOTHnOMBIN Tl.ME.S OF Pl-A-SMA Dn,rTEI> TO 10 PkR CenT WITH 
Fibrinogen Soi.ction and Baiucm-Treated Pi.asma 




SAUPu; 1 



SAMIXF. 2 



SAMPLE 3 


DILVENT USED 


TesU 


Average 


Tests 


Average 


Tests 




I 

2 

3 

1 

2 

3 

1 

2 

3 


Barium sulfate - treated 
plasma 

20.5 

19. C 

19.9 

20.0 

18.9 

IS. 9 

18.7 

IS.S 

1 

27.0 

27.3 

27.C 

27.3 

FibriiiOKen solution 

21.3 

21.2 

21.5 

21.3 

20.0 

1 

19.3 

19.3 

19.5 

27. S 

28.0 

2S.3 

28.0 


successive dilutions of plasma with barium sulfate-treated plasma. The re.siilts 
are shown in Figure 2 and reveal Quick’s thromboplastin to be the most active 
preparation. The structure of all three curves is rcmarkabl}'" similar, so that the 
significance of clotting times in the lower dilutions is obviously not enhanced by 
the use of a less active preparation of thromboplastin. Furthermore, the end 
points are much more difficult to observe with the less active preparations of 
thromboplastin. 

Powdered thromboplastin prepared bj' Quick’s method has been found to lie 
stable, and the results obtained when fresh e.\tractions are made daily are readil}' 
reproducible. This diffem from the opinions e.vpressed by Hum, Barker and 
Magath.® It has not been found necessaiy to standardize each batch of rabbit 
brain inasmuch as a fairl}-^ large amount of material is prepared at one time from 
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at least ten rabbits. The material keeps well in a vacuum desiccator in a stand- 
ard refrigerator. 


DISCUSSION 

Emphasis on standardization of reports of prothrombin concentration from 
various laboratories has lead to a general agreement that the results should be 
reported in per cent of average normal, based upon a dilution curve.’ > ® Be- 
cause of the effect of the diluent, the validity of the curve used must be supported. 
From Figure 1, it can be obser\-ed that the thromboplastin was not a factor in 
the reading of per cent concentration, because the .same mateiial was used for 
both curves, and yet the indicated prothrombin concentration on Quick’s cuivc 
at a given clotting time in the higher dilutions is almost double that found on the 
barium sulfate cuiwe. If the barium curve shown in Figure 1 is acceptable as a 
valid index of prothrombin concentration, then arbitraiy hemorrhagic levels 
quoted as 10 per cent after Dicumarol therapy will have to be reviscfl. Pro- 
thrombin times equivalent to 10 per cent' prothrombin concentration on Quick’s 
curve, indicate an actual level of 5 per cent on the banum curve, and the hemor- 
rhagic level of Dicumarol therapy should be quoted as 5 per cent. 1 1 is suggested 
that the question of the hemorrhagic level of Dicumarol therapy be revised in the 
light of these obser\*ations. 

'Regardless of which curve is adopted for use, variations in prothrombin con- 
centration between 100 per cent and 30 per cent produce veiy little change in 
clotting time, and the significance on whole plasma of clotting times which are 
nearlj'- normal is greatly reduced. When the plasma is diluted to 10 per cent, 
however, very .slight changes in prothromlhn concentration result in large changes 
in the clotting time. Based upon this observation, we have adopted a routine 
10 per cent dilution Avith barium sulfate-treated plasma, in addition to the usual 
deteimination of prothrombin time on whole plasma. 

TECHNIC OF JIETHOD 

Rcagcnls 

(1) 0.025 M calcium chloride 

(2) 0.1 M potassium oxalate 

(.3) Quick thromboplastin solution. Tvlix 0.2 gm. of dehydrated rabbit brain with 5.0 
cc. of frc.sh .saline. Incubate at 45 to 50 C. for fifteen minutes, mixing frequently. Centri- 
fuge at 200 to 400 P.P.IM. for thirty seconds and remove the milky supernatant fluid. 
(Dehydrated rabbit brain is prepared by stripping the vessels and pia from the brains of 
several freshly killed rabbits, macerating the brains under several changes of acetone 
in a mortar until a nona<lhe.sive powder is obtained, and drying on a suction filter. The 
preparation of brain keeps for at least six months in a large vacuum desiccator in a stand- 
ard refrigerator at 4 G.). 

(4) Thrombopl!istin-c.alcium mixture, prepared by mixing equal quantities of (1) and f.3.!. 

Procedure 

If fewer than three patients are to be te.«ted in one run, dr.aw 0.0 cc. of venous blood from 
each patient into chilled test tubes containing 1.0 cc. of 0.1 M pota.«.sium oxalate; if more 
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than three patients are to be tested, only 4.5 cc, of blood need be drawn into chilled tubes 
containing 0.5 cc. of oxalate. Mix by gentle inversion and chill at 4 C. until ready. Cen- 
trifuge the oxalated blood samples and remove as much supernatant plasma as possible. 
With a 1 cc. serologic pipet, transfer 0.1 cc. of plasma from each sample into four 10 mm, 
test tubes. Pool the remaining plasma and refrigerate until ready. Refrigerate all 0.1 cc. 
portions of plasma until actually ready to begin testing. Warm one tube at a time 
in a water bath at 37 C. for thirty seconds and add 0.2 cc. of previously warmed thrombo- 
plastin-calcium mixture, being careful to avoid foaming. Start timing with a stop-watch 
immediately and gently tilt the test tube in and out of the water bath until a clot is seen to 
form. A strong light behind the water bath facilitates observation. Three such 0.1 cc. 
portions are tested and the clotting times averaged as the prothrombin time of whole 
plasma. On a chart, such as Figure 1, read the per cent prothrombin corresponding to the 
observed prothrombin time. 

To the pooled remaining plasma, add 0.1 gm. of barium sulfate powder for each cc. of 
plasma (or 20 per cent additional volume of a 30 per cent barium sulfate suspen- 

TABLE 4 


Prothrombin Time in Seconds and in Percentage or Prothro-Mbi.n, According to 

Co.NCENTR.ATIO.N OF PeaSMA UsBD 


PERCENTAGE 

PROTHROMBIN TIME 

REMARKS 

CONCENTRATION 
OF PLASMA 

Clotting Time 
in Seconds 

Percentage of 
Prothrombin 

(1) 100 

10 

12. G 

23.9 

100 \ 
100 / 

Average reading, 100 per cent 

(2) 100 

10 

15.4 

40.7 

25 1 

35 / 

Average reading, 30 per cent 

(3) 100 

14.0 

40 \ 

Variation is too great, so accept 10 per cent 

10 

. 25.1 

95 / 

reading. 

(4) 100 

52 

3.5' \ 

Patient received Dicumarol. Ten per cent read- 

10 

150 

1.0 / 

ing is too low, so accept 100 per cent reading. 


sion in water). Shake well and incubate at 37 C. for ten minutes. Centrifuge at 3000 R. 
P.M. for thirty minutes and pour otT the supernatant plasma. To 0.1 cc. of this plasma, 
add 0.2 cc. of thromboplastin-calcium mi.xturc to ascertain that no clotting takes place. 
To the remaining 0.1 cc. portion of untreated whole plasma from each specimen, add 0.9 
cc. of barium sulfate-treated plasma. Mi.x carefully and transfer 0.1 cc. portions of these 
10 per cent dilutions to 10 mm. tubes, and proceed as with whole plasma. From Figure 1 
read per cent prothrombin from the average observed prothrombin time and multiply by 
ten. 

Readings of fourteen seconds are not unusual on certain normal whole plasmas, 
but the 10 per cent dilution readings indicate the same activity as a similar nor- 
mal pla.sma with a prothrombin time of twelve seconds. When the 10 per cent 
figure is normal, or shows a great variation from that of the whole plasma, the 
10 per cent reading is accepted as the accurate reading. ^Wien 10 per cent di- 
lution reduces the prothrombin in the diluted plasma to about the level of 1 per 
cent or less, it is advisable, since concentrations of less that 1 per cent are diffi- 
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cult to read, t-o accept the whole plasma determinatioa as the significant result. 
■V\Tien the plasma fibrinogen is raarkedh' reduced, as in se^'ere liver disease, it 
may he necessary to determine the prothrombin time of a 50 per cent dilution so 
-that the barium sulfate-treated plasma may be used as a means of adding fibrin- 
ogen to the system. Four examples from our laboratorj^ files are listed in 
Table 4. 


SUlIilARY AND CONCLUSIONS 

Quick’s prothrombin determination was reviewed from the standpoint of 
proposed modifications. 

Barium sulfate was tried as a means of removing prothrombin from plasma to 
enable use of the latter as a diluent. The results of a dilution curve with plasma 
so prepared were compared with those of Quick who used aluminum hydro.xide 
gel. 

Use of barium sulfate-treated diluent is believed to be superior to that of alu- 
minum hydrojdde gel, and the curve produced with it is proposed as the most 
accurate method of measuring prothrombin activit\' by means of a simple onc- 
stage technic- 

Thromboplastin preparations were compared and Quick’s original material was 
foimd to be the most active, the most stable and the most duplicable. 

It is suggested that the indicated protlirombin concentration derived from the 
prothrombin time of whole plasma be routinel}’’ compared with that from 10 
per cent plasma made by diluting with barium sulfate-treated plasma. 

Re\dsion of suggested danger levels of prothrombin under Dicumarol therapy 
is suggested for future study. 

Acknoicledgment. The technical help of Miss Hose Mary Teresi, M.T. (.-V.S.C.P.) is 
sincereh' appreciated by the authors. 
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PERMANENT STAIN FOR AMYLOID^ 

ETHEL LIEB, A.B. 

From The Instilule of Pathology, Western Reserve University, Cleveland, Ohio 

It has long been recognized that the metachroraatic reaction of crystal violet 
is an excellent way to demonstrate amxdoid substance microscopically, but 
unfortunateh', it has proved difficult to maintain this stain for any apprcciaiilc 
length of time. That is why so many authors have turned to (^oiigo rod whioh, 
despite the fact that it is unreliable and nonspecific, can be mounted in clarito 
(or balsam) and thus be kept idefiniteh'. 

In the following method, tiie cry.stal violet stain is made permanent l)y mount- 
ing the section in a watei-solublc sjmthctic resin known as Abopon.f Frozen 
or hydrated paraffin sections are taken from water and placed in the staining 
solution from five minutes to twentj^-four hours, then rinsed in water and 
mounted in Abopon. 

The staining solution, which is stable, is made by diluting 10 cc. of a satm ated 
alcoholic solution of crystal violet witii 300 cc. of distilled water to wliich has been 
added 1 cc. of h\’drochloric acid. The incorporation of acid with the staining 
solution renders the latter self-differentiating. Since overstaining (rannot take 
place, the length of time in the stain is not important. When it i.'; su.spected 
that the amount of amyloid might be small, as in hyalinized islets of Langerhans, 
thicker sections should be cut in order to render the colf)r reaction readily vi.sible. 

The staining solution used here was proposed by Fden,' but he recommended 
staining the undeparaffinized sections fii-st, and then, after dissolving the paraffin 
a.s ([uickly as possible wth xylol, mounting in balsam. This method is capri- 
cious, depending as it does upon penetration by tlie aqueous staining solution of 
varying thicknesses of paraffin. Often parts of a section do not stain at all. 

About three years ago, it occurred to the author to trj- this staining solution on 
slides brought down to water in the conventional fashion. The amyloid in these 
sections was found to give a striking metachromatic reaction which unfortunateh' 
disappeared as soon as ethyl, butyl or isopropyl alcohol was used for dehydration 
in preparation for mounting. Ordinarj' aqueous mounting medium.s, while a lit t le 
better, also made the reaction fade. Finally Abopon was t nod and, not only has 
the purplish red color of the am 3 doid failed to become blue like tlic re.st of the 
section, but the original color has been maintained in slides stained two yeans ago. 
Therefore, it ma}' be considered that a permanent stain for amyloid has been 
found. 

Furthermore, this method of staining amyloid distinguishes well betweeen 
amyloid and other hyaline substances which stain blue in contrast to the purple 
of the amyloid. 

The Abopon mounting medium, wliich is made by dissolving with the aid of 

* Received for publication, Fohruar 3 ' 1-t, 10-17. 

tTliis material maj' be obtained from Cllj-eo Products f’o., 14S Lafayette Street, Xc’.v 
York,N.y. 
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heat, 50 gm. of the substance in 25 cc. of distilled water, keeps indefinitely and 
requires no preservative. In common with other aqueous mediums, however, 
it does have the disadvantage of “bubbling” on drying. So far, no satisfactory 
Avay has been devised to get rid of the entrapped air bubbles except by pressure 
on the cover slip after the mount has been made. Since these bubbles do not 
hamper reading of the slides, this fault is not serious. 

SUMMAKY 

Permanent staining of amyloid in both frozen and paraffin sections is gained by 
placing the section in an acidified solution of crystal violet and then mounting in 
an aqueous solution of a synthetic resin known as Abopon . This stain requires no 
differentiation and distinguishes between amyloid and other hyaline substances. 
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A RAPID METHOD FOR THE DETERM L\"ATIdN OF SALICYLATES 

IN SERUM OR PLASMA’^ 


WILLIAM J. KELLER, Jr., B.S. 

With the Avidespread therapeutic use of salicylates in massive doses, e.xpecialh* 
in patients Avith rheumatic feA-^er, it is desirable to control the blood salicylates to 
maintain effectNe dosages. This method is presented to enable even the smallest 
of clinical laboratories to determine salicjdates in serum or plasma AA'ith minimum 
e.xpenditure of time and equipment. If the determination is made in plasma, the 
latter should not contain more than 6 mg. of sodium oxalate (or its equivalent) 
per ml. The method is based on the color reaction of acidified ferric nitrate with 
serum, AA'ithout remoA'ai of proteins or interfering substances. It is applicable 
for use with, the photo-electric or the Klett type of colorimeter, or for A'isual esti- 
mation. It lias been used successfully for more than two years in four different 
army laboratories. Salicj'lates, in this determination, represent the total of 
salicjdic acid plus the metabolic products of salicylic acid that contain the salicA-l 
group. 

BE.VGESTS 

1. Hydrated ferric nitrate (Fe(N 03 ) 3 * 9 H 20 ), 1 per cent in 0.07 normal nitric 
acid. 

2. Diluted ferric nitrate. Dilute the above reagent 5 to 9 with Avater (o parts 
of reagent plus 4 parts of Avater). 

3. Nitric acid, 0.038 normal. Dilute 0.07 normal nitric acid 5 to 9 with water 
(5 parts of reagent plus 4 parts of AA'ater). Concentrated nitric acid (sp. gr. 1 .42, 
70.5 per cent), 4.G9 ml. in AA’ater up to I liter produces a solution Avhich is appro.xi- 
mately 0.07 normal. Extreme accuracy is not essential in preparing the above 
reagents. The amounts gii’en represent the optimum concentrations, but con- 
siderable variation is permissible. 


PKOCEDCRE 

In a suitable colorimetric tube, add 9.0 ml. of the diluted ferric nitrate reagent 
to 1.0 ml. of serum. In another similar tube, add 9.0 ml. of 0.03S normal nitric 
acid to 1.0 ml. of serum. With the wave length set at 530 mm.u., adjust the 
colorimeter to 100 per cent transmission AA’ith the acidified senim and read the 
color intensity of the reacted .serum. Read the salicylate level directly from a 
previously prepared graph. It may be read immediately or after several hours 
since the color is quite stable. Any photo-electric colorimeter may be u.sed. If 
a spectrophotometer is used, the AA'ave length should be set at 530 mm^. In a 
colorimeter using filters, the transmission of the filter should be approximately 
530 mmg. 

To prepare the graph, pool samples of senmi from aboAd ten nonnal pei-.-AUAs 
Avho have not been taking any form of salicylates. Repeat the procedure out- 

* Received for publication, November 27, 1946. 
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lined above using the pooled serums. The optical density obtained represents 
the intensity of the color that is formed when acidified ferric nitrate reacts mth 
normal serum. This average value will be subtracted from the total optical den- 
sity obtained in the determination . In terms of salicylic acid it amounts to about 
•1 or 5 mg. per 100 ml. at a wave length of 530 mm^. Variation of any one normal 
serum from this average value rarely exceeds 1.5 mg. per 100 ml. in terms of 
salicylic acid. 

A stock salicylate solution is made to contain 1 .00 mg. salic 3 'lic acid or 1.1 G mg. 
sodium salicylate per ml. From this stock solution, a 1 to 10 dilution is made 
which contains 0.1 mg. salicjdic acid per ml. To seven colorimetric tubes, add 
0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 ml., re.spectivelj'-, of the standard solution. Water 
is added to each tube to make 5.0 ml. of solution. These standards represent 
blood salicjdate levels of 0, 5, 10, 20, 30, 40 and 50 mg. To each tube add 5.0 ml. 
of the 1 per cent ferric nitrate solution. Read each tube in the colorimeter using 
the first or blank tube to adjust the transmission to 100 per cent. To each value 
obtained, add the optical density of the interfering color found in the normal 
serum. These values are then plotted on rectangular graph paper against the 
corresponding blood levels and the graph is then ready for use. To prepare a 
graph for higher levels, use a stronger .stan.lard solution and proceed in the same 
manner as outlined. 

If a photo-electric colorimeter is not available, a IClett type of visual colorim- 
eter may be employed. The unknown is first allowed to react with the acidified 
ferric nitrate in order to obtain the approximate salicylate level. Use 1 .0 ml. of 
serum plus 9.0 ml. of diluted reagent. Two or three standards are made which 
have approximately the same color intensity as the unknown sample. To make 
the standard, place 1 .0 ml. serum which does not contain salicylates (preferably 
pooled serum) in a suitable colorimetric tube, add the necessarj’- amount of 
standard solution, dilute to 5.0 ml. with water, and then add 5.0 ml. of the reagent. 
Select the standard that visualh’' most nearlj’^ matches the unknown and match 
the unknown against it in the colorimeter. Calculation is made in the usual 
manner. 

If no colorimeter is available, the unknown maj' be compared visualb’^ to a set 
of standards made as described abo\'e. The en'or bj' this estimation is less than 
5 mg. per 100 ml. and results are satisfactorj' for clinical use. 

The above procedures maj'- be adapted for use with 0.5 ml. of serum, and ma}' 
be more desirable for the analj'sis of specimens with high salicjdate levels. Add 
4.5 ml. water to 0.5 ml. of serum, followed bj" 5.0 ml. of the diluted ferric nitrate 
reagent. The blank consists of 0.5 ml. serum, 4.5 ml. water, and 5.0 ml. of the 
0.038 normal nitric acid. A standard curve must be prepared accordingly'. 

To use the test for urine samples, add 0.5 ml, water and 9.0 ml. of the diluted 
ferric nitrate reagent to 0.5 ml. of the urine. Prepare standards using pooled 
normal urines containing no salicjdates. Large quantities of salicyluric acid in 
the urine, however, invalidate the test except as an indication of the total salicjd 
output.* 
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SCMiL\RY 

A method for blood senim salicj’lates is presented which is simple and reliable. 
The recover}’’ of salicylate is approximately 100 per cent. The method is appli- 
cable to visual estimation or to the Klett tAiie of colorimeter, with only a slight 
I0.SS of the accuracy obtained with photo-electric colorimeters. 

REFERENCE 

1. Brodie, Bernard B., L'deneriend, Sidney, and Coburn, Alvin F.: The determination 
of salicylic acid in plasma. J. Pharmacol, and E-vper. Therap., 80: 114-117, 1944. 
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A QUANTITATIVE METHOD FOR DETERMINATION OF 
FRAGILITY OF ERYTHROCYTES* 

IIOWAKD C. HOPPS, M.D., and ALFRED M. SHIDELER 

Frovi the Department of Pathologij, The School of Medicine of The Vniversily of 
Oklahoma, Oklahoma City, Oklahoma 

Conventional methods for determining fragilit}’’ of erythroc 3 'tes as commonlj’ 
used in clinical pathologic laboratories, provide a simple, practical means of deter- 
mining relativelj' gross ^'ariations from nonnal. In experimental studies, hoAv- 
ever, in which precise quantitative data arc desired, these methods are 
inadequate. Several technics have been described which enable quantitative 
deteimination of erjdhrocj'te fragility.’"^ The following method, however, in- 
corporates one or more features which are not included in technics previoush”^ 
described, and provides a relativelj' simple means for the precise determination 
of the property of fragility as affected b 3 ’’ vaiying concentrations of saline. 

METHOD 

Heparin is used as the anticoagulant in an amount sufficient to prevent clotting 
for one or two hours, in order to allow enough time to permit deteimination of 
the hematocrit reiiding and to make a saline suspension of the blood. One mg. 
of heparin per 20 ml. of blood of rats was found to be adequate. 

A Wintrobe hematocrit tube, filled with heparinized blood, is centrifuged for 
thirty minutes at 3000 R.P.M. in an angle centrifuge. During the period of 
centrifugation, 15 serologic tubes arc selected and labeled, and to each of 14 of 
the tubes, 1 .3 ml. of sodium chloride solution is added. The solutions of sodium 
chloride added fo these tubes are of different concenl rations. The desired final 
concentrations are obtained bj' adding 0.3 ml. of a 10 per cent suspension of 
eiythrocj'tes in isotonic saline to different initial concentrations of sodium chlo- 
ride, as shown in Table 1 . 

The 1 per cent solution of .sodium chloride is prepared in a liter volumetric 
flask using sodium chloride which has been thoroughl.v dried at 180 C. for six- 
teen hours. The initial concentrations are made, using a 100 cc. quantitative 
buret, preferablj' an automatic refill buret. On the ba.sis of the hematocrit 
reading, a 10 per cent suspension of erythrocjdcs is obtained bj' adding the proper 
proportion of heparinized blood to 0.80 per cent sodium chloride solution. At 
least 5.5 ml. of this suspension should be prepared. Add 0.3 ml. of the 10 per 
cent suspension of eiythrocjdes to each of the 1 5 tubes and mix gentlj* Ity in- 
verting each tube three or four times. Stopper the tubes to pre\ ent evaporation, 
and allow them to stand at room temperature for two hours, mixing gently b}' 
inverting them eveiy fifteen minutes. 

At the end of two hours, the tubes are centrifuged at 1500 R.P.M. (Inter- 
national centrifuge ^ 2) for fifteen minutes. The centrifuge is allowed to stop 

* Received for i)ublic.‘ition, February 14, 1947. 
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mth the brushes lifted in order to minimize agitation and, thus, to avoid anj* 
resuspension of erjdhrocytes. 



Conceniraiion of NaCf ^rams per 100 ml. 


Fig. 1 

Immediately following centnfugation, 0.5 ml. of the supernatant from each of 
the 15 lubes is added to macro-colorimetric tubes, each of which contains 4.5 ml. 
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of distilled water. Care must be taken not to include any erythrocytes with the 
supernatant removed. Following thorough mixture, the amount of hemoglobin 
is determined in a photo-electric colorimeter,* using a green filter (lOett 52). 
The supernatant from the 0.8G per cent solution of sodium chloride is used as a 
blank. The sodium carbonate solution (complete hemolysis) is used as the stand- 
ard of 100 per cent hemolysis. Thus, each determination has its own blank and 
standard of 100 per cent hemolysis. From the data thus obtained, the degree of 
hemolysis can be accurately expressed in percentage of the total. 

In Figure 1, data are presented obtained by the method described from a group 
of four normal male rats (Sprague Dawlej-- strain). This is introduced for pur- 
poses of illustration and represents but a portion of data secured from a larger 
study, the results of which will be reported at another time. 

TABLE 1 

]\Iethod of Preparation of Solutions of Sodium Chloride of Vahiovs Concentratio.vs 


Initial Preparation of NaCl Solutions 


.Ml. 1% XnCI 


12.33 

18.37 

24.41 


30.47 

42.52 

4S.56 

54.00 

00.04 

O6.6sj72.72 

7S.75 

66.00 


Ml. distilled H3O 

03.71 

S7.G7 


75.50 












1.3 ml. of the Above Solutions plus 0.3 ml. of 109JiEr.vthrocytc3in0.S6% NnCl Provides Solutions of NaCl of Following 

Designated Concentrations 


Tube number 

1 

2 1 

3 

4 

5 

6 j 

B 

s 

1 

9 

10 

11 

12 

13 

14* 

15t 

Percentage of NaCl in 
final solution 

0.20 





1 



0.60 

0.65 

0.70 

0.75 

O.SO 

0.56 

1 

1 1.3 ml. 
j 0.10% 

[ Na^Oj 


* Tube 14 is used as tlie blank 

t Tube 15, in wliicli erythrocytes are completely liemolyzcd, provides an indiridual standard of 100 per cent 
licrnolysis. 


SUMMARY 

A method is described for precise quantitative determination of fragility of 
erythrocytes in which the following features are incorporated: the amount of 
erythrocytes is accurately determined on the basis of voluvie so as to compensate 
for variations in hematocrit reading and/or mean corpuscular volume; precise 
concentrations of sodium chloride solutions are used; the time of exposure of 
erythrocjtes to saline solutions and the degree of mixture is standardized; the 
amount of hemolysis is determined objectively by means of a photo-electric 
colorimeter; each sample of blood is tested with its o™ standard of 100 per cent 
hemolj’^sis and its own blank; and the results are expressed on the basis of per cent 
of total hemolysis. 
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A SIMPLE MICRO-PROJECTOR* 

HAROLD GORDON, M.D. 

From the Laboratory Service, Nichols Veterans Administration Hospital, Louisville, Kentucky 

The success of cVmicopathologic conferences depends, to a large extent, upon 
efficient demonstration of microscopic lesions. Many hospitals lack facilities for 
projecting microscopic slides, and the micro-projectors available commercially 
are none too satisfactory. Some are expensive, require much space and are diffi- 
cult to operate; others give poor illumination or unsatisfactory magnification. 

The projector illustrated below is an adaptation of a method used at many 
small hospitals. During the past seven months it has been used at this hospital 
at weekly clinicopathologic conferences, attended by thirty to forty staff men, 
residents and senior medical students. It is generally agreed that this projector 
is, at least, the equal of many of the more expensive projectors used at conferences 
elsewhere. 


METHOD 

A general view of the projector is shown in Figure 1 . The source of light is a 
300 watt lampt combining a mercury vapor discharge and an incandescent tung- 
sten electrode, operating on 11 volts and drawing 30 amperes. It operates on a 
transformer and gives excellent illumination while generating very little heat. 
The light is housed in a special unit manufactured by Bausch and Lomb Optical 
Company. It was designed for photomicrography and thus can be made to seive 
a dual purpose. The bulb has a high color temperature, will last for 150 hoims or 
more and costs onty SI 0.50. The light is centered carefully through a micro- 
scope which is secured with a simple clamp. 

A translucent screen made of tracing paper tightly stretched over a wooden 
frame is used which permits the operator to .stand proximal to the screen, pro- 
ject the slides and point out lesions with a pencil. The audience, seated distal 
to the screen, sees the projected section and the sharp black shadow of the 
pointer (Fig. 2). A somewhat less efficient method of illumination can be impro- 
vised by using a Bell and Howell 16 mm. moving picture projector provided with 
alio volt, 60 cj’^clc, 750 watt prefocused lamp. This also gives excellent illumi- 
nation. Fairly satisfactoiy results can be secured by using a good microscope 
light, but this is not recommended, e.xcept for small groups. 

SU-AEMARY 

An inexpensive and efficient method for projecting microscopic sections to 
audiences of moderate size is described and illustrated. 

* Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery. Veterans .‘Administration, who assumes no responsibility for the opinions ex- 
pressed or conclusions drawn by the author. Received for publication, Januarj' 9, 194( . 

t Manufactured by the General Electric Companj-. 
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Fig. 1. Ge.veral View or Micro-Projectoe 
M icroscope (A) is clamped to wooden board (B) with clamp (C). The specialh- housed 
light (Ej is directed through the substage condensor, A tin cylinder or can (D) "prevents 
dispersion of light. (F) is a conventional transformer which allows the light to operate 
on 110 volt A. C. power. When in operation, a screen of black cloth is arranged around 
the entire unit in such a way as to prevent escape of any incident light. 
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Fig. 2. Photograph ok a Projected Section' of Vertebr-vl Map.row fp.om a Case of 

pERVtcioHs Anemia 

With the screen about S feet from the projector, using a 10 X eyepiece and a 16 mm- ob- 
jective, a magnification of 12.5 diameters is obtained. 

42.3 


NEWS AND NOTICES 

Ameiucan Society ok AIedicae Techn'oiajgists 

The Fifteenth Annual Convention of the American Society of Medical Technologists will 
be held in Denver, Colorado, from June 30 to July 2, 1947. Headquarters for the conven- 
tion will be the Shirley Savoy Hotel. Miss Elizabeth O’Toole, 1345 Elati Street, Denver 4, 
Colorado, is in charge of local arrangements. 

C.\XADi.AN Society of Labouatohy Teciin'Oeogists 

The tenth anniversary of the incorporation of the Canadian Society of Laboratory Tech- 
nologists under Dominion Charter will be celebrated at the Society’s convention. May 29, 
30 and 31, 1947, at the Hoj-al Connaught Hotel, Hamilton, Ontario, Canada. Papers, 
scientific movies and exhibits of various aspects of laboratory technic will be presented. 
Notimembers are welcome at all but. the business sessions. Information may be obtained 
from Miss Helen L. Smitli, secretary, Canadian Society of Laboratory Technologists, 294 
Barton Street East, Hamilton, Ontario. 



TECHNICAL SUGGESTIONS 

Holder for Couxtin'G Pifets 

In taking blood counts, if a special liematologj- tray is not available to bold the pipets, 
it is convenient to fasten the pipets to an ordinary slip of paper or to the request card of tlie 



Fig. 1 


patient. Two parallel cuts are made in the paper, each about three-fourths of an inch 
in length, one inch apart. The pipet is then inserted through the slits as shown in the 
accompanying figure. 

E. Marie Smith, M.T. (.*\.S.C.P) 
Avoidance of Irritation* to Lip from Counting Pipets 

The technician engaged in the daily task of collecting numerous blood counts may find 
her lower lip becoming irritated and her teeth sensitive from constant pressure of the 
plastic mouthpiece used in this procedure. If the entire length of the mouthpiece is pushed 
back into the rubber tubing, the tubing will serve nicely as a cushion for the teeth and lips. 

JO.ANNA PoWELSON, M.T. t.\.S.C.P.) 
42.3 Hudson Avenue 
Newark, Ohio 


St.ainung of Yeasts in Sputum 

An extremely good differential stain of yeasts and molds is obtained by the Papanicolaou 
staining method, in which Hemato.xylin, Orange G and E.\50 are utilized. In staining spu- 
tum, as for malignant cells, I have found that the leukocytes stain deep blue; er3'throcyte5, 
reddish orange; x'east spores, brown; their budding cells, red; and their filaments, reddish 
brown; while other bacteria have a blue .shade different from that of the leukoc\'tes. 

Anne Koffinke, M.T. (.V.S.C.P.) 

Grace Hospital 

New Haven, Connecticut 
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HEMOGLOBDvUPJC NEPHROSIS IN TRAUAIATIC SHOCK* 


TRACT B. ^LALLORY,! LT. COL., ]MC, AUS 
From the Fifteenth Medical General LaboTaiory, United [States Army 

Army exiDerience has made many of us familiar with tlie SA'ndrome of mnal 
insufficiency following resuscitation from shock. The associated kidney lesion 
is constant but not specific. Lucke,” in a study of material at the Army In.stitute 
of Patholog}', has shown that a similar lesion, which he has termed “lower neph- 
ron nephrosis”, may develop in a variety of conditions such as mismatched blood 
transfusions, the crash sATidrome, blackwater fever, heat stroke, high altitude 
anoxia, thermal and chemical bui-ns, carbon tetracliloride and mushroom poison- 
ing, and sulfonamide sensitivity. I have seen it following anaphylactic shock, 
severe streptococcus infection and infantile gastro-enteritis, and it is possible to 
recognize many cases in the literature under such titles as interstitial nephritis'- 
and hepato-renal s^mdrome."' ” There can be little doubt that with increasing 
breadth of experience many other predisposing conditions will be brought to 
light. 

Descriptions of the lesion in various stages may be found in innumerable case 
reports, but survey's of am* considerable mass of material are few, and no textbook 
of patholog}' contains an adequate descidption. An excellent description of the 
pathologic features maj^ be foimd in the report of Bj^vaters and Dilde*^ based 
upon a series of cases of crash syndrome. Aly discussion is based piimarily on a 
group of 60 fatal cases of battle injuiy, which were clinicalh* and pathologically 
studied by members of a research team, whose full report will be published else- 
where. The observations on this limited group of cases are reinforced by a 
survey of over 200 similar cases from the files of the Fifteenth Aledical General 
Laboratoin'. The importance of the lesion in military medieme is shorni by an 
incidence of 18.6 per cent among 427 unselected autopsies on battle casualties 
drdng in Army ho.spitals in Italy. 

THE CLIXIC.VL PICTXmE 

In a typical instance, a patient has been severely wounded and some hours have 
elapsed between injmy and entrance to a field or an evacuation hospital. He 
has received some plasma en route, but is in a state of moderate to severe .shock 
on arrival. The blood pressure is below 80 mm. .systolic, possibly unmeasuralde, 
the pulse rate 100 to 120 per minute, the color pale or ashen and the extremities 
cold. It is evident that there has been severe hemonhage and a transfusion of 
whole blood is started as rapidly as possible. Two or three transfusions, perhap.^ 
more, probably will be needed before he can be taken to the .x-ray department and 
the operating room. From twelve to twent 3 *-four hours will elapse between 

* Presented at the Twenty-Fourth .\nnual ^Meeting of the -Vmcrifan Society of Ciinira! 
Pathologists, in San Francisco, June 20, 1946. Received for publication. March 31, 1947. 

t Present address: itla.ssachu,setts General Hospital, Boston 14, Massachusetts. 
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injury and definitive treatment. During this peiiod he has probably passed 
little urine, but no concern is felt. On the following day he is out of shock and 
his condition appears satisfactor3'. A measurement of urinaiy output, however, 
will show an oliguria, perhaps a total output of from 200 to 300 cc. for the day. 
On the third daj’- the stoiy is much the same. He may void spontaneously one 
or more times, but the twenty-four hour urine volume is below 500 cc. A non- 
protein nitrogen detennination at this time would undoubtedly show nitrogen 
retention in the neighborhood of from 60 to SO mg. per cent. If a blood pressure 
reading were to be taken on this day, it is probable that moderate elevation of 
both S3’^stolic and diastolic levels would be found, ranging from 140 to 180 mm. 
mercury systolic and from 90 to 100 mm. diastolic. As da5's pass, the hj’perten- 
sion and oliguria persist and urinarj’^ output maj" drop to “anuric” levels below 
100 cc. per dicjn. The patient may be lethargic and drowsj% but is readfi}^ 
aroused and answers questions rational^. He seldom complains of headache, 
nausea or blurring of vision. Edema begins to appear and is likely to be pre- 
dominantly pulmonarj^ often developing Avith paroxysmal suddenness and fre- 
quentlj’’ serA'^ing as the immediate cause of death at any time from the third day 
on. If pulmonar}’’ edema is avoided, the nitrogen retention steadily mounts, 
lethargj' deepens and eventuall3'’ coma supenmnes. Con\mlsive phenomena are 
unusual, but may appear. Uremic retinitis has been obseiwed, but few ophthal- 
moscopic observations have been recorded. Pericarditis is ver5’’ xmcommon. 
Severe acidosis with Kussmaul breathing is seldom noted, perhaps because of the 
frequent use of intravenous alkali therap3’’. Once persistent oliguria and h3T)er- 
tension appear, the prognosis is extremel3’^ grax'e and the chance of survival is 
not much more tlian 20 per cent. 

Such urine as is present is acid in reaction, low in specific gravit3’^ and contains 
albumin. Red cells and pigment granules ma5’’ be found in the sediment and 
granular casts are usually present. Except in frank transfusion reactions and in 
crush cases, the urine is rarel3'^ “port-Avine” in color. In the first or second speci- 
men, even though the color is normal, a benzidine test after centrifugation aatU be 
positiA'e, but subsequent specimens are often negative. Chemical determina- 
tions on the blood sIioaa’, as Avould be expected, progressive rise in urea, creatinine 
and phosphoi-us, and decline in carbon dioxide combining poAA-er. In differen- 
tiating renal from prerenal oliguria and azotemia, rise in blood pressure and fixa- 
tion of specific graA’-it 3 '' proA^ed to be our most reliable criteria. 

THE RENAL LESIONS 

The kidne 3 "S are characteristicall 3 ’’ enlarged AA'ith a pale SAVollen cortex and deep 
purple pyramids. The cut surface is A’^er3'^ moist. The kidne3's ma3’', hoAA'CA'er, 
shoAv A’^er3^ little abnoimalit3’’ on gi-oss examination. In the aA'erage case, the first 
and most obAuous finding on microscopic examination is the presence of pigmented 

Fig. 1. A portion of the medulla shoAA'ing the majority of the collecting tubules plugged 
with pigment casts. Low power. Three-day lesion. _ . - j • 

Fig. 2. Cortex, high poAA’er. Two distal tubules are plugged with precipitated pigment. 
Their epithelium shows degeneration and desquamation. The pro.ximal convoluted tubules 
(lower left corner) are dilated but the epithelium is intact. Four-da 3 Aesion. 
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casts in the lower portions of the nephrons. These extend from the ducts of 
Bellini upward through the collecting and distal convoluted tubules (Figs. 1 and 
2). In unstained sections, these casts are basicall}" orange in color, varj'ing 
sometimes towards green, sometimes towards brown. In sections stained vith 
heraatox 3 ''lin and eosin, the}'- are reddish orange. Usuall,y the}’- can be demon- 
strated to be positive to benzidine. Staining reactions with jMallory’s phos- 
photungstic acid-hematox}’-lin, and with IMasson’s tiichrome stain are variable, 
freshly formed casts usually showing the staining reactions of hemoglobin, older 
casts failing to do so and accepting the countemtains. At no time does the 
material give a positi^'e iron reaction. The depth of pigmentation varies con- 
siderably. Some casts appear to be composed entirely of strands of precipitated 
pigment, othem show only pigment granules of varying size and density distrib- 
uted through a matrix of colorless material. 

Less conspicuous is a second t}’iDe of cast which is hyaline and quite colorless 
in the unstained specimen. It shows little affinity for either hematox}'lin or 
eosin, but stains a bright gi-een in the hlasson preparations. These hyaline 
casts appear after the pigmented ones and ai-e usually found at a higher level in 
the nephron, although mixed casts are not uncommon (Fig. 3). 

Reactive changes in the epithelial cells of the lower nephron segment are a 
constant phenomenon. The first change is a fine fat vacuolization of the ascend- 
ing limbs of Henle’s loops. This aj)pcai-s in 75 or 80 per cent of shock cases 
regardless of whether clinical evidence of renal insufficiency develops or not, and 
I have presented, elsewhere, e%'idence that the process is re^•el•sible.- From the 
third day on, more severe degenerative changes arc apparent in the same segment 
of the nephron. Fi-ank necrosis and active regeneration appear (Fig. 4), hernia- 
tions may develop and rupture of the tubule may occur (Fig. 5). In the collect- 
ing tubides, i-eaction is much less constant and appears limited to the immediate 
neighborhood of the pigmented casts. Reduplication of the lining cells, desqua-, 
mation and active mitotic division may be present. In the tubules containing 
the nonpigmented casts, another type of degenerative change is found. The 
epithelial cells appear to disintegrate and the underlying basement membrane to 
disappear, pennitting the cast to be extruded into the stroma (Figs. 6 and 7), a 
phenomenon to which we ^vill return below. 

In contrast to these conspicuous changes in the lower portions of the nephrons, 
the proximal segments show little change. Glomerular tufts are invariably nor- 
mal, although the epithelial cells of Bowman’s capsule may be swollen, especially 
in crush cases. There has been much debate as to whether the proximal convo- 
luted tubules are or are not dilated. An apparently marked dilation is usually 
seen in paraffin sections of formalin-fixed material. Comparison with Zenker- 
fixed material and the use of frozen sections on formalin-fixed tissue suggests that 


Fig. 3. Cortex. A normal glomerulus and a dilated distal Uibule yith degenerative 
epithelial changes containing a mixed cast, chiefly hyaline but with a pigment mass at its 
upper pole. Five days. _ ■ f- , 

Fig. 4. Straight tubules, probably ascending limbs near the cortico-medullary junction 
shon-ing mitotic figure. A few lymphocj'tes are present in the stroma. Five days. 
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this is largely but not entirely an artefact, clue to shrinkage. Probabl}’- slight to 
moderate dilation and some swelling of the epithelium are present in most in- 
stances, thus accounting for the gross widening of the corte.x which is usually 
present in cases of five or more da^-^s’ duration. The lumens contain much 
granular precipitate, probabb’’ albuminous in character. Necrosis of proximal 
tubules, however, has been seen in onb’’ 2 cases. 

Reaction in these kidnej’^s is not limited to the tubules. Beginning on the 
third day and well mai-ked Iw the fourth, inflammatorj^ infiltration appears in the 
stroma.« This is usually concentrated in a comparatively narrow zone, 1 to 2 
mm. in width on the medullary side of the cortico-raedullarj’" junction, the .same 
zone in which the degenerative tubular changes noted above tend to be most 
marked (Fig. 8). Occasionallj’’, but infrequently, a second narrow inflammatory 
zone is found just beneath the capsule. There is also a definite tendency for the 
inflammatory changes to be emphasized in the immediate proximity of the blood 
vessels, particularb’’ the veins. The inflammation is evidenced most constantb’^ 
b 3 '^ lymphocj’^tic and plasma cell infiltration (Fig. 9). Pob'morphonuclears and 
eosinophils maj’’ accompany them in var 3 'ing proportions but rareb" predominate. 
Edema is not usualb’’ conspicuous, but may be discernible. If the inflammation 
is chronic (eight or more daj's), some fibroblastic proliferation maj’’ be seen. 

A second tjqie of inflammatoiy reaction usually, but not invariabb^ develops 
a day or two later than the one described above. This is granulomatous in 
character in that the predominating cell is histiocytic in tj^pe. It is always focal 
rather than diffuse. A majority of the granulomas form about masses of hj'aline 
material identical in appearance and staining reactions with the hj-^aline intra- 
tubular casts alread}-- described. That at least a considerable portion of these 
masses represent extruded casts seems apparent from the frequencj’’ with wliich 
various stages of extrasion are observed. No other mechanism for their forma- 
tion is suggested bj-^ anj”^ obseivations made to date. Once in the stroma, histio- 
cytes collect about them in considerable numbers, first encapsulating and later 
invading the hj’^aline core. As time passes, this is broken up and partly absorbed 
(Figs. 10 and 11). In some granulomas no traces of it can be made out. Either 
it has been entireb' absorbed or some of them develop bj' a different mechanism. 

A final point worthy of attention concerns the blood vessels. In general, the 
coi-tical vessels are relathmb'’ collapsed, those of the medulla and particularly of 
the cortico-medullaiy junction dilated. From the third dcj' on, inflammator}^ 
changes are found hr the walls of the veins. As in the intei'tubular stroma, these 
are of two types: poorb'’ circumscribed infiltrations of bTT^pboc 3 'tes which are 
occasionall}’' accompanied bj^ pob^orphonuclears and eosinophils, and shaipb’’ 
ch’cumscribed granulomata of histioc3ries, Avith or AA’ithout a h 3 'aline center. On 
occasion, the hyalin is extruded into the lumen of the A'ein Avhere it forms the basis 
of a thrombus (Fig. 12). In other cases, ordinaiy fibrin and platelet thrombi 

Fig. 5. Exudation of leukocytes and focal dilation and rupture of an ascending limb 
with newly regenerated atypical epithelium. EleAmn-daj' lesion. 

Fig. G. a nonpigmented hjmline cast in an ascending limb about to be extruded from 
the tubular lumen. Six dai'S. 
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develop above an inflammatoiy focus of the first tjq^e. They rarely grow to 
sufficient size completely to occlude the vessel. 

DISCUSSION 

Four theories have been advanced to explain the pathogenesis of hemoglobin- 
uric nephrosis: mechanical blockage by precipitated hemoglobin, hj^perergic 
inflammation, “toxic” injuiy and renal ischemia. Let us consider them suc- 
cessivelj". 

(1) The first theory is that of mechanical blockage of the tubules bj' precipi- 
tated hemoglobin or closelj’’ related substances. In 1925, Baker and Dodds^ 
showed that hemoglobin injected intravenously in dogs was excreted by the kid- 
nej’’S and precipitated in the renal tubules when the reaction of the urine was acid. 
In such cases fatal renal insufficiency developed, whereas, if the urine were kept 
alkaline, the animals sur\dvcd. This work was confinned with certain reserva- 
tions by DeGowin and his collaborators.®* The simplicity of tliis explanation 
of the pathogenesis of the lesion made a wide appeal and it was generally accepted 
as the exiilanation of anuria following hemolj'tic crises such as transfusion reac- 
tions and blackwater fever. Recentlj*-, B 3 'watci's and Beall,® and B.ywatei-s and 
Bible,® have invoked the same mechanism as partial explanation of the crush 
kidnej’’, the offending pigment in this instance being the closeh’’ related muscle 
hemoglobin or myoglobin. Grave objections have, however, been raised to this 
lypothesis. Van Sl 5 *ke cl cL,*® Bing,® and Yuile el al. and manj' others have 
been unable to jiroduce renal msufficiencj' in dogs with single massive mtra'\'’enous 
doses of hemoglobin regardless of the reaction of the urine. Human patients 
v'ith paroxysmal hemoglobinuria, march hemoglobinuria and nocturnal hemo- 
globinuria do not ordinarilj' develop renal complications, hlaegraitld® has 
observed fatal anuria hi blackwater fever in the presence of consistent!}'’ alkaline 
urine. The proportion of plugged nephrons is frequently inadequate to exjilain 
the almost total anuria, and coni'er.sel}’', kidney's in which a high proportion of the 
nephrons are blocked have been found at autops.y in patients who have not 
shown anuria. 

(2) An allergic factor is suggested particular!}* by the cases of hemoglobinuric 
nephrosis which occasionally follow sulfonamide therapy. The medical ailment 
for which the drug is prescribed is often trivial and development of the lesion 
appears to be virtually independent of dosage. The possibility that anaphylaxis 
contributes to the reaction to “incompatible” blood has also been repeatedly 
suggested.^® 

(3) Recently, a new theory has been advanced which ascribes the renal damage 
to ischemia. Lauson'® and Cournand® and their associates have demonstrated 
renal ischemia and coincident depression of renal function in patients with trau- 

Fig. 7. A later stage in e.xtrusion. The right-hand wall of the tubule has been destroyed 
and a granuloma! ous reaction is developing about the cast. Seven days. 

Fig. S. Low power of cortico-medullary junction showing the zone of maximal degener- 
ative and inflammatory changes. There is moderate stromal edema and both diffuse and 
focal inflammatory reaction. Seven days. 
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matic and hemorrhagic shock. Phillips, Van Slyke'" and their collaborators have 
made similar observations in experimentally induced shock in dogs. Following 
prolonged shock, evidence of renal insuflicienc}’’ might pei-sist for three or four 
days, but thej'^ were never able to produce in their animals, by shock alone, a 
progressive fatal renal insufBciencj'’ such as occurs in man. In further attempts 
to reproduce the human lesion, another series of experiments was undertaken’® in 
which one kidnej'' was removed and the renal arter3’- on the other side was 
clamped for varying periods of time. Wlien the clamp was left on for three 
hours, a transient renal insufficiency lasting two or three da3’-s was demonstrated. 
With four hours of total ischemia, half of the animals died in uremia and, with 
interraption of renal blood flow for six hours, none of the animals recovered. The 
functional results parallel those seen in human material, but the anatomic lesion 
is in my experience quite dissimilar. In six dogs in which the renal arteries were 
clamped for periods varjdng from two to six hours, I found diffuse degenerative 
changes ranging up to complete necrosis of the 'proximal tubules, but insignificant 
changes in the lower nephron and no formation of pigment casts. 

(4) The “toxic” theory has been advanced chieflj' because of dissatisfaction 
A\ath the theories listed above. The authors”'' assume that toxic substances 
are elaborated in areas of tissue damage or of interstitial hemorrhage which injure 
the kidney as they are excreted through it. No direct evidence of a toxic factor 
has been produced. That trauma and hemorrhage are not necessarj-^ for the 
development of the lesion is shovm by cases which have followed heat stroke and 
high altitude anoxemia. 

Since no single factor appears to explain adequately the development of a 
hemoglobinuric nephrosis, the possibility of S3mergistic factors deserves explora- 
tion. Two groups of investigators have approached it from the experimental 
side. Yuile, Gold and Hinds-® produced minor grades of tubular injurj’’ by clamp- 
ing the renal artery for a period of fifteen to twent3'-five minutes and also b3’’ the 
use of potassium tartrate. A solution of hemoglobin was then instilled intrave- 
nousl3^ VTien the right degree of tubular damage, neither too little nor too 
great, was achieved, extensive precipitation pf hemoglobin and progressive renal 
insufficiency developed. The lesion was more severe when the urine was kept 
acid than when it became alkaline. Corcoran and Page" achieved the same re- 
sults in another manner. Shock was produced in rats b3’^ the tourniquet method; 
then metamyoglobin was given intravenously. Neither factor alone produced 
the lesions, but the combination was effective. 

Our ovTi clinical obsenmtions of the development of hemoglobinuric nephrosis 
in battle casualties indicate that two factors are of outstanding importance, pig- 
ment excretion and recovery from a state of shock. Let us first examine the 
factor of shock. 

In surveying autopsies submitted from various t3q3es of Arm3’^ hospitals, it was 

Fig. 9. Detail of interstitial inflammatory reaction showing predominence of Ij-mpho- 
cytes and plasma cells. Seven days. _ , . 

Fig. 10. A recentlj’- extruded cast surrounded b}- a granulomatous reaction with a giant 
cell on the right. A few phagoc 3 'tes have invaded the substance of the cast. Eight days. 
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found that hemoglobinuric nephrosis was present in onlj^ 0 per cent of cases sub- 
mitted from base hospitals, 18 per cent from evacuation hospitals, and 30 per cent 
from field hospitals (to wliich onl}’’ the most severelj'’ wounded, nontransportable 
cases were admitted). Clearly pigment nephropathy occurs in direct relation to 
severitjf of injuiy and by implication to profundity of shock. Further evidence 
was provided bj’^ our own clinical studies. One hundred and sixty-five casualties 
were personalh'^ examined b}' my clinical associates who made clinical estimates 
of the severity of shock. The results are shown in Table 1. The decreasing 
frequency of renal involvement as one passes from severe to slight grades of 
shock is aj)parent, but the 5 cases which were not considered to be in shock 
confuse the picture. Let us examine this group in detail. Case 9 of the 
series was an example of a frank transfusion accident; 125 cc. of A blood rvas given 
in error to an 0 recipient before a characteristic reaction developed, and the 
transfusion was intenaipted. The possibility of anaphylactoid shock must be 
considered. Cases G9, 70 and 132 were examples of the cnish sjmdrome with 
severe grades of mjmglobinuria. Judged b^' the usual clinical criteria, blood 


TABLE 1 

CORREL.A.TIOX OF Gr.A.DE OF SnOCK VUTH NePHROP.\THT 


GRADE OK SHOCK 

XUltUER OF CASES 

FATAL N-EPHROPATHIES 

PER CENT 

Severe 

42 i 

14 

33.3 

Moderate 

65 

15 

23.1 

Slight 

w 1 

36 i 

4 

11.1 

IvTone 

26 

0 

19.2 



pressure, pulse, pallor, coldness of the extremities, skin circulation, these patients 
did not impress the examiner as being in shock. Each of them, however, e.x- 
hibited one phenomenon, hemoconcentration, as shown by hematocrit readings 
of 57, 71 and 80 respectively, which is emphasized by man}’ students of shock. 
If shock itself was not present, no doubt a closely allied physiologic abnoimalit}’ 
Avas. 

In the fifth case the soldier Avas wounded in the right thigh by a shell fragment 
AA'hich completely transsected the femoral artery, A'ein and nerA’e. Hemorrhage 
Avas severe and he Avas giA'en 1000 cc. of plasma en route to the hospital. On 
arriA’al, he seemed in good condition and AA-as operated on Avithout further prepa- 
ration, but 1500 cc. of AA'hole blood Avas given duiing the operation. Immediately 
after operation the blood pressure AA'as 110/62, but seven hours later it dropped 
to 70/40 and throughout the day the systolic leA-el ranged from 60 to 70. XeA’er- 
theless, the patient’s color Avas good and his skin remained Avarm. The patholo- 
gist has the temerity to suggest that shock can scarcely be excluded in this case 


Fig. 11. Late stage of granulomatous reaction. Only fragmentary remnants of the cast 
persist betiA-een the phagocj^tes. Ten days. 

Fig. 12. Granulomatous reaction in the AA-all of a A'ein with an oA’erlying mural thrombus. 
Ten days. 
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also. It seems fair to conclude that all our patients had suffered from shock or 
some closely related phj’^siologic state. 

As has already been stated, evidence of pigment excretion was found in all of 
our patients from whom an early specimen of urine was available. llTiat is the 
source of the pigment? There are three possibilities : m 3 '-oglobin from degenerat- 
ing muscles, hemoglobin from b’-sis of the recipient’s own red blood cells, or hemo- 
globin from Ij’-sis of red cells supplied in transfused blood. 

We did not have available a spectroscope of sufficient sensitivity to distinguish 
the two closely related pigments. There is, howcA'er, a chemical method based 
upon the greater stability of mirnglobin in alkaline solutions which permits a 
rough quantitative separation (about 80 per cent accuraejO of the two substances. 
This was applied in 51 wounded patients in whom measurable amounts of benzi- 
dine-positive material were present in the urine. Mjmglobin was identified in 
14 cases and was the dominant pigment in 11. In 7 other cases, the proportion 
of apparent mjmglobin was so small that the results were classified as doubtful 
and 31 were considered negative. Except in the crush cases, we were unable to 
predict from the nature of the injury what t 3 'pe of pigment Avould be found in the 
urine. Neither massive trauma to the extremities nor interruption of a major 
vessel usually resulted in predominant m 3 mglobinuria. 

Since m 3 ’’oglobinuria can apparent^ ex-plain onl 3 ’’ a small proportion of cases, 
causes of hemoglobinuria must be considered. With the single exception of Case 
9, the transfusion accident, no instances of massive hemolysis occurred in our 
series. Plasma hemoglobins were usuall 3 ’- slightty to moderately elevated even 
before transfusion and no marked increases occurred following transfusion. All 
patients except Case 9 received t 3 ’pe 0 blood preserved in glucose-citrate, re- 
frigerated, and not more than eight da 3 ’^s old. j\Ian 3 ’’ flasks were direetty checked 
for hemolysis at the moment of administration. If agglutinins for A cells were 
present in a dilution higher than 1 to 80, the blood was used for 0 recipients onl 3 ^ 
The Rh factor was not determined, but none of the patients had had previous 
transfusions. Cases of nephropathy developed in patients of all blood groups in 
a frequenc 3 ^proportionate to theii- distribution in thegeneral population. Hemol- 
ysis due to isoagglutinins would seem to be excluded. 

The majority of our patients were severety traumatized; hemorrhage into 
injured tissues was a usual phenomenon and could serve as a mechanism of 
hemotysis. Hasty conclusions that such a mechanism was of importance would 
be unjustified. Veiy few of our patients developed jaundice and it is worth re- 
emphasis that characteristic hemoglobinuric nephrosis develops in nontraumatic 
shock following such factors as heat stroke and anoxia, and incidental^ without 
the administration of whole blood or even plasma. 

CLINICOPATHOLOGIC CORRELATIOX 

An 3 ’- attempt to correlate form and function in the kidne 3 ’’ is hazardous in the 
extreme but its fascination is irresistible. The first effect of shock upon the func- 
tion of the kidne 3 '’ is oliguria followed quickty b 3 - retention of metabolic products. 
Both of these effects are manifested within a few hours after onset, whereas the 
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first recognizable morphologic change, the appearance of lipid vacuoles in the 
ascending loops, develops about eighteen hours after injuiy and pigment casts 
appear still later. The initial renal insufficiency is, therefore, functional rather 
than structural in basis. The studies of Coumand and his associates^ have es- 
tablished the earh^ onset of renal ischemia in shock and adequately explained the 
initial functional derangement. 

Ischemia ivith consequent anoxia also senses as a logical explanation of the 
appearance of demonstrable lipid in the parencinmial cells since a similar phenom- 
enon is found in the liver and heart in the same cases. \\Tiether or not the renal 
ischemia is sufficiently persistent to account for the later development of tubular 
necrosis is still imknown. 

An interesting feature is the apparent dela}’’ in the appearance of the pigment 
casts. They were present in significant numbers in only 2 of the 11 cases in our 
“Board” series djdng of injun' within seventy-two hours. It is obvious from 
examination of the histories of this group that not more than one of them was 
ever adequate!}’ resuscitated from shock. A simple explanation for this phenom- 
enon would be the suppression of glomerular filtration during shock either because 
of depressed systemic blood pressure or because of specific renal ischemia. The 
presence of pigment casts may therefore be considered histologic evidence of at 
least temporary resumption of glomerular fimction. 

Although it is certain that the pigment casts play no role in the initiation of 
renal insufficienc}’’ following shock, no such dogmatism is possible in defining 
their possible effect in the later stages of the lesion. Controversy hinges on the 
thesis that the casts cause suppression of urine primarily by mechanical blockage 
of the tubules. The e\ddence for this is purely morphologic and at best inconclu- 
sive. It is suggested by the high proportion of apparently blocked tubules in 
certain cases and by the dilation of the proximal tubule. Its importance is ren- 
dered dubious by other cases in which the proportion of occluded nephrons is 
certainly inadequate to explain the almost total anuria. 

The other histologic factors which might explain the progressive renal insuffi- 
ciency are the interstitial inflammation and the tubular degeneration. It is 
difficult to understand how interstitial inflammation would be effective except 
by the production of edema, but edema is inconstant and rarely severe. Severe 
tubular degeneration, at least of the ascending limbs, is constant from the fourth 
day onward. It has been suggested that injured tubular cells permit rediffusion 
of glomerular filtrate back into the vascular system. 'With such a mechanism 
one might, however, expect as in lipoid nephrosis a high-gravity oliguria rather 
than the low, fixed gravity which is characteristic of these cases. The focal 
rupture of tubules, so frequently noted from the fifth day onward has to my mind 
little functional significance. It is a late phenomenon, whereas the entire syn- 
drome, oliguria, azotemia, pigment excretion, hypertension and fixation of gravity 
is established before it appears. 

SUM^L\Rr 

The clinical and pathologic features of the s}*ndromc of renal insufficiency 
which develops in patients resuscitated from shock have been described. The 
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constant clinical features are oliguria, azotemia, excretion of pigment and albu- 
min in an acid urine, fixation of specific gravity. Inconstant but usual, and diag- 
nosticall}’- of great importance, is the appearance of mild hypertension on the 
third or fourth daj". 

The histologic features develop in orderly sequence. The initial change ap- 
pearing eighteen to t\vent3’’-four liours after injuiy is lipid A-acuolization of the 
ascending limbs of Henle’s loop. The second stage is precipitation of pigment, 
either hemoglobin or m^rnglobin, in the distal convoluted and collecting tubules. 
This rarel.y occurs short of twenty-four hours, more commonlj' between thii-t3'-six 
hours and sevent3'’-two hours after injur3^ Moderate dilation of proximal and 
sometimes distal convoluted tubules follows pigment precipitation. Sometimes 
on the third da3’’, regularl3' on the fourth and fifth da3''s, necrosis and regeneration 
of epithelium in the ascending limbs and distal tubules become evident and 
simultaneousl3'^ l3'mphoc3des appear between the tubules and about the vessels. 
From the fifth da3'’ on, rupture of tubules with herniation of their content into 
the stroma and consequent granuloma formation becomes frequent. The last 
development in man3’’ cases is the formation of nonocclusive mural thrombi in 
man3’ of the small veins. 

In clinicopathologic correlation it was shoAvn that two factom were constant: 
the excretion of benzidine-positive pigment in the urine and reco^'er3' from a state 
of shock or related pln'siologic abnormalit3'. Renal insufficienc3’’ was found to 
antedate all structural change but was never progressive in the absence of a 
demonstrable pigment nephropath3^ Although pigment precipitation is an 
essential factor in the development of the “shock kidne3'”, the mechanism of its 
effect remains unelucidatcd. The possibilit3’' that it is in part mechanical cannot 
be discarded, but the complex chain of degenerative and inflammator3’’ phe- 
nomena demand another explanation. Further controlled ex^jerimentation will 
be necessai3' before man3’' of these uncertainties can be resolved. 


REFERENCES 

1. Bakeh, S.L., AND Dodds, E. C.: Obstruction of renal tubules during excretion of hemo- 

globin. Brit. J. Expcr. Path., 6; 247-260, 1925. 

2. Beecher, H. K., Burnett, C. H., Mali.ory, T. B., Shapiro, S., Si.meone, F. A., and 

Sullivan, E. A.: Physiologic reaction to wounds. The Surgeon General’s Office, 
U. S. A., to be published. 

3. Bing, R. .J. ; Effect of hemoglobin and related pigments on renal function in normal and 

acidotic dog. Bull. Johns Hopkins Hosp., 74: 1C1-17G, 1944. 

4. Boyce, F. F., and McFetridge, E. M.: So-called liver death: clinical and experimental 

stud 3 L Arch. Surg., 31: 105-136, 19.35. 

5. Bywaters, E. G. L., and Beall, D.: Crush injuries with impairment of renal function. 

Brit.M.J., 1:427-432, 1941. 

6. BYW.-iTERS,E.G.L., AND Dible,J. Henry: Renal lesion in traumatic anuria. J.Path. 

and Bact., 54: 111-120, 1942. 

7. Corcoran, A. C., and Page, I. H.: Genesis of crush svndrome. J. Lab. and Chn. 

Med., 30: 351-352, 1945. 

8. CouHNAND, A., Riley, R. L., Bradley, S. E., Breed, E. S., Xoble, R- B-, Latjson, 

H. D., Gregerson, M. I., and Richards, D.W., Jr.: Studies of cir.culation in clinical 
shock. Surgerj^ 13: 964-995, 1943. 

9. DeGowin, E. L., Osterhagen, H. F., and Andersch, M.: Renal insufficienc.y_{rom 

blood transfusion; relation to urinary acidit}'. Arch. Int. Med., 69:432-444, 1937. 

10. DeGowin, E. L., Warner, E. D., and Randall, W. L. : Renal insufficiencj' from blood 
transfusion; anatomic changes in man compared with those in dogs with experimental 
hemoglobinuria. Arch. Int. Med., 61: 609-630, 1938. 



HEMOGLOBI^XRIC NEPHROSIS IX TRAUMATIC SHOCK 


443 


11. Helavig, F. C., AXi) OrRjT. G.: Traumatic necrosis of liA'er with extensive retention of 

^ creatinine and high-grade nephrosis. Arch. Surg., 24: 1.36-144, 1932. 

12. Kimmelstiel, P.\rL: .\cute hematogenous interstitial nephritis. .Am. .1. Path., 14: 

7.37, 1938. 

13. Lacsox, H. D., Bradi^ee, S. E., axd Cocrxaxd, A.: Renal circulation in shock. .1. 

Clin, investigation, 23:381-402, 1944. 

14. LTjcK£,B.ALDi:ix: Lower nephron nephrosis, ililitarj' Surgeon, 99: 371-396, 1946. 

15. M.aegr.vith, B.: Blackwater fever anuria. Tr. Rov. Soc. Trop. Alcd. and Hyg., 38: 

1-23, 1944. 

16. P.vxox, X. F.,Leib, J., Golcb,M. D., axd Huxter,R.M.; Crush syndrome in obstet- 

rics and gA'necology. J. -A. M. A., 131: 500-.504, 1946. 

17. PniELip.s, R. A., Dole, A'. P., H.a.miltox, P. B., Emersox, K., Jr., axd Vax Slyke, 

D. D. : Effects of acute hemorrhagic and traumatic shock on renal functions of dogs. 
Am. J. Physiol. ,145: 314-336, 1946. 

IS. Yas Slyke, D. D., PiriLLrp.s, R. A., H.amiltox, P. B., .Archibald, R . Al., Dole, A'. P., 
.AXD Emersox, Iv., Jr.: Effect of shock on kidnev. Tr. Assoc. .Am. Phvsici.ans, 68: 
119-127,1944. 

19. YorxG, J.AMEs: Renal failure after utero-placental damage. Brit. AI. J., 2: 715-718, 

1942. 

20. A’uile, C. L., Gold, AI. .A., .axd Hixds, E. G.: Hemoglobin precipitation in renal tu- 

bules; study of its causes and effects. J. Exper. Aled., 82: 361-374, 1945. 



STUDIES ON PHAGOCYTOSIS* 


RUDOLPH ALTSCHUL, jM.U.Dh., axd AGANETA U. FRIESEN, B.A. 

From (he Deparlmcnt oj Anatomy, University of Saskatchcivan, Saskatoon, Canada 

It is accepted by many histologists that the pi'operty of engulfing foreign sub- 
stances is not a monopoly of phagocides and that phagocytes differ from other 
cells only in their greater capacitj-^ for engulfment and in the rapidity Avith which 
they Avork. Aletchnikoff® ascribed phagoe 3 ’’tic properties to muscle cells (myo- 
cytes) AA'hich, in the tadpole, dcA-our the sarcoplasm of the skeletal muscle during 
the inAmlution of the tail. Later, Forbus^ obser\'ed that mj^ocides phagocjdosed 
intraAutally introduced carmine. Phagocjdosis bj’’ mjmblasts has also been 
studied in tissue cultures bj^ LeA'i and Bucciante." On the other hand, PfuhP 
denied a phagocytic function of m.yocytes (dissociated muscle cells). Recentlj'’, 
AltschiiP found that in experimental arteriosclerosis, lipoids appear in muscle cells 
AAdiich turn into “foam cells”, but it remains to be decided AA’hether this process is 
to be regarded as phagocAdosis bj’’ the muscle cells, or as lipoid degeneration. 

A simple Avaj'^ to studj' alterations of skeletal muscle experimentallj^ is to insert 
catgut threads into the muscle for A'arious periods of time.- Some of the fibers 
become necrotic, hyalinized and calcified. Others, less affected, shoAA* a nuclear 
proliferation (Fig. lA) and eA-entuallj’^ a dissociation into more or less indi\ddual- 
ized muscle cells. If prior to insertion, the catgut thread has been impregnated 
AA’ith any substance, the effect of this substance on the injured muscle fibers may 
be detemihied. Some obserA-^ations of this character are reported here. 

.M.\TERL\L AND METHODS 

The animals used AA’ere rabbits, guinea pigs, AAdiite rats, chickens and frogs. 
After impregnation AA’ith trypan blue (1 per cent and 10 per cent), cai’mine (5 per 
cent), hemato.xjdin (10 per cent), India ink, neutral red, Janus gi’een or gentian 
Auolet, the catgut threads AA’ere dried and inserted into the muscle. Of the sub- 
stances just mentioned, onlj^ the first four AA’ere phagocjdosed. The results Axith 
the last three AA’ere negatNe and haA’e been omitted in this discussion. 

In fiA'e animals, the procedure AA-as modified as folloAA’s: (a) In one AA’hite rat, 
hematoxjdin-impregnated catgut A\’as inserted into the INer and left there for 
twenty days, (b) In tA\’o AA’hite rats, hemato.xA'hn-impregnated thz’eads AA’ere 
inserted into the brain and the animals killed after ten and tAA’enty da3’’s, respec- 
tiA’-ely. (c) In one rabbit, ti’3’pan blue injections AA’ere giA'en intraperitoneally 
ten AA’eeks after aAmlsion of one sciatic nei’A’e. (d) In another rabbit, trypan blue 
injections AA’ere given intraA^enousty ten da3’^s after a sterile abscess had been set 
up in the muscle of one hind limb. 

RESULTS AND DISCUSSION 

Dissociating muscle cells of damaged, but not complete^’’ necrotic, muscle 
fibers, took up the d3’'e folloAA’ing the insertion of catgut impregnated with either 

* Supported by a grant from the Associate Committee on Army Medical Research, 
National Research Council, OttaAA’a. Received for publication, March 26, 1947. 
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Fig. 1A. “Giant muscle cell” from neighborhood of a catgut thread soaked 
with hematoxylin. Xote hemato.xylin granules around the proliferated 
muscle nuclei. White rat. Hcma{oj^-liii-eo.sin stain. 

Fig. IB. “Giant muscle cell” from the periphery of a sterile ahsce.ss- 
Intravenou.sly injected Irx'pan blue was ta.ken up around the proliferated 
muscle nuclei. The center of the formation consists of hyalinized s.arco- 
plasm and fibrillac. Xotescattered histiocytes. Rabbit. Counterstained 
with eosin. 
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trypan blue, carmine, hematoxylin (Fig. lA), or India ink and in rabbit (d) with 
the sterile abscess, following the intravenous injection of trypan blue (Fig. IB). 
So also, as was to be expected, did numerous histiocjdes of the interstitial tissue. 
The quantity engulfed was much greater with tiypan blue and hematoxylin than 
with carmine or India ink. Hyalinized muscle fibers were diffusely stained by 
trj'pan blue and were stained to an even greater extent by liematox3din, but such 
staining was not observed with carmine or India ink. 

In the rabbit which received tiypan blue intraperitoneall}% the proliferated 
muscle nuclei did not show granules of tiypan blue in the juxtanuclear plasma. 
It maj^ be assumed eithei- that the intact sarcolemma prevented the penetration 
of the dye or that the m.voc3'tes were not sufficicntl3" individualized. In the 
aforementioned experiments, a similar lack of phagoc3'tosis b3^ muscle cells in 
apparentl3’- undamaged fibem was observed with local application of the d3'es. 

A point of special interest was the loss of some of the histochemical properties 
of hematox3din, whicli had been introduced intravitalh'. The hematoxylin was 
found as rust3’’ brown granules in the histioc3ffes of the interstitial spaces, in 
myoc3ffes and diffuseb'^ in necrotic muscle fillers. Contraiy to our expectation, 
Ave were unable to “blue” these hematox3din granules 113' treating the sections 
with tap water, lithium carbonate water, or ammonia Ampors. Neither Avere Ave 
able to “differentiate out” the hematox3din b3^ treating the sections up to forty- 
eight hours Avith 0.1 per cent ly'drochloric acid or Avith a saturated aqueous 
solution of picric acid. Treatment AA’ith 4 per cent violet ammonium alum or iron 
chloiide failed to darken the gi'anules b3’’ foiming a lake of the iron salt and the 
hematoxylin, or to “differentiate out” their color. Weigert’s neuroglia mordant 
darkened tlie granules slightl3^ The ohl3' AA’a3'’ ’"’g found to remoA'e the color 

from the sections A\-as 113^ pi'olonged treatment AA-ith 0.25 per cent potassium per- 
manganate, folloAA’od b3’’ bleaching in a mixture of equal parts of 1 per cent 
potassium sulfite and 1 per cent oxalic acid. If applied Avithout preAuous 
potassium permanganate treatment, the potassium sulfite-oxalie acid mixture 
had no effect. 

In the liver and brains of the rats in AAhich hematoxylin threads had been in- 
serted, the d3re Avas taken up b3’- the Amrious t3’^pes of histioc3'tes and shoA\-ed the 
same loss of histochemical properties as just described for the e.xperiments on 
skeletal muscle. 

It appeared possible that the firm retention of the color AA'as due to the second- 
ar 3 ’- action of the fixative. If this AA'ere so, postvitalh'- stained tissue should show 
the same reactions as intravitalb' stained tissue. It AA'as proved b 3 " control 
experiments that this AA'as not the case, but that postvitalty stained tissue sIioaa's 
staining properties .similar to sections AA'hich haA'e been fixed, embedded, cut and 
stained in the usual manner. In these controls, small pieces of fresh tissue AA'ere 
stained tAA'ent3’'-four hours and ten da3's respectiA^eh’’ in a 10 per cent aqueous 
solution of Ava ter -soluble hematox3din, then fixed in formalin and embedded 
in paraffin. The sections shoAved the same rust3^ color seen in the intraAutal 
preparations, but AA'ere readib”^ “blued” in tap AA’ater or Avith ammonia Ampors. 
Iron ammonium alum and iron chloride blackened them first, but prolonged 
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treatment “differentiated out’' the color. The sections v.'ere darkened by 
Weigert’s neuroglia mordant and by potassium bichromate. Saturated picric 
acid'"or 0.1 per cent hydrochloric acid removed some of the color, and tlie .sec- 
tions were subsequently blued with tap water. Potassium permanganate, fol- 
lowed by the potassium sulffte-o-Yalic ardd mixture completely removed the 

hematoxylin. , 

From these experiments, it appears obvious that the hematoxjdm stam adheres 

veiw firmly to tissues, if applied intravitally, and also that it does not change if 
acid, alkaline solutions, iron, or chrome salt.s act upon it. All tins is m contrast 
to the hematoxviin staining of dead tissue, whether used in routme staining or m 
a postvital method, and when ‘Tilling” by alkahmzmg, differentiation by acids, 
and lake formation with mordants are readily attained. In explanation of le^e 
differences, we are inclined to believe that mtravitally absorbed hematoxylin 
becomes intimately combined with proteins of tissue fluids and ot ^ 

stmetures, thereby losing certain of its histochemical i-eayt_ions^ " S 

union is in contrast to the looser combination which results if the .tain is applied 

""^ObJi^Itions regarding the fate of intravitally introduced dyes, starch and 
coUoidal metals were pre™ly reported by Bennhold,^ although appoai.jI 

these the plasma 

'coarg of In^a'^, kaolin, grapMte :^rchiiron 

been injected into the vascular S3atem substances occurs, at 

that without a plasma coatmg no p aforementioned sub- 

least not by the hepatic phagocide..^ ‘ Knowlesi malaria also received a 

stances, led blood cells containing . .no- fKnbclv Stratman-Thomas, 

coating and iveie then singled out by phagocytes (Knneh , ..«at 
Eliot and Bloch®). 

SUVDLVRT 

The phagocytic action of into 

confii-med. If catgut threads impie^^a phagocytes, myocytes and 

skeletal muscle, Uver or bram, histochemical reactions. It is 

necrotic tissue, and lose, mo.t of .. rivotcin which protects the heraa- 

suggested that this niay be du^toa^ 

tox\din from the chemical, , . other 'substances. 

Such a coating has been repeatedly inported^*® other 

’• tcsi. Science. 103: 

2 . aSscbui,K.: Nueleosisot skeletal muscle, .c Erecbn. <i. inn. 

3. bSS^II.-: tJber die rnhikclfanktiou der Seru„.e,«« ^ 

ation and re.enera,.en 0 ^,„W.cKKe„.L.: Pee=enaleomn.nnica,ion,o.heanthor; 

5. 3vxisbly,M.H.,Bi.och,E.H.,. - 

data to be published. 
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AGXOGENIC ]MYELOID ^lETAPLASIA OF THE SPLEEX 

REPORT OF CASE NECROPSY FINDINGS'^ 

SA^ilUEL A. LEVIXSOX, M.D., and LOUIS E. LBIARZI, M.D. 

From the Hospital Laboratories, Research and Educational Hospitals, Department of Pathologu 

and Internal Medicine of the University of Hlinois College of Medicine, Chicago, Illinois 

Jackson, Parker and Lemon- described a sjmdrome of extramedullaiy myeloid 
metaplasia which they designated as agnogenic.t Because tliis condition is often 
confused with myelogenous leukemia or acquired hemolytic jaundice, these 
authors separated agnogenic mj^eloid metaplasLa of the spleen from other condi- 
tions which it ma}' simulate, and further showed that patients died soon after 
irradiation was administered or splenectomy was performed. 

Extramedullaiy' myelopoiesis may occur- in a great variety' of pathologic con- 
ditions, and has been observed in various infectious and septic states such as 
metastatic carcinoma to bone and leukemia. The distinctive features in these 
tyTres of extramedullary' myelopoiesis are that the apparent clinical and pathologic 
disorders are known and the therapy and prognosis are obvious. 

In agnogenic my'eloid metaplasia the diagnosis may' not alway's be established, 
but often one can, by hematologic methods (peripheral, sternal and splenic punc- 
ture), clinical examinatioiLS and, later, by histologic studies of the spleen, separate 
this entity from others simulating it. 

The essential clinical findings are as follows: progressive weakness associated 
vith abdominal distress, enlargement of the spleen, tendency toward hemor- 
rhages and a slightly' elevated or lowered white count with the presence of im- 
mature red and white cells in the peripheral blood. 

Jackson and his associates reported 10 cases which they' had under observation. 
In three, a diagnosis of my'eloid metaplasia was made and the treatment was 
symptomatic. These patients are alive. In one patient, a diagnosis of hemo- 
ly'tic jaundice was made, splenectomy' was performed and the patient expired 
three days postoperativeh'. In two instances, no diagnosis was made, splenec- 
tomy' was performed and the patients died within a y-ear. In four patients, a 
definite diagnosis of my'elogenous leukemia was made; one was treated .sympto- 
matically' and expired three y'cars later; three were treated by' roentgen rays. 
Two of the latter patients died within six weeks and the third, who derived no 
benefit from the therapy', died from bronchopneumonia two y'cars follov'ing 
therapy'. 

Reich and Rumsey'’' reported 5 cases of agnogenic my'eloid metaplasia of the 
spleen, illustrating diagnostic difficulties and the danger of splenectomy and 
radiation therapy. In not one of these cases was the clinical and pathologic 
diagnosis established. The clinical diagnoses were splenic anemia in four in- 

* Eeceived for publication, March 4, 1947. 

fThe term agnogenic (deri\-ed from the Greek “of unkIlo^vn or uncertain etiology”) 
was suggested by Dr. Robert if. Green. 
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stances and leukemia in one. The pathologic diagnosis of the excised spleen 
was either Hodgkin’s disease or atj^jical leukemia. These authors, therefore, 
came to the conclusions that the diagnosis of agnogenic mj^eloid metaplasia of 
the spleen is difficult, that the condition must be differentiated fi-om Banti’s 
disease, hemolytic anemia and leukemia, and that splenectomy and irradiation 
therapy are definitely contraindicated. 

The present case was diagnosed clinically as agnogenic myeloid metaplasia of 
the spleen after studies of the bone marrow and peripheral blood. This diagnosis 
was coiToborated by the histologic examination of the spleen and later by 
necropsj" findings. This case is also of interest because of the development of 
hemosiderosis which is explained bj' the multiple (40) blood transfusions that 
the patient received. 


REPORT OF CASE 

Clinical data. A 49 year old Polish housewife upon admission to the hospital complained 
of weakness, dj’spnea on exertion, intermittent pains over the heart and lower portion of the 
chest, and loss of 60 pounds in weight. When these sj'mptoms appeared three \-ears earlier, 
she visited her family physician, who told her that she was anemic and gave her a series of 
injections for a period of four months. She later was taken to a hospital where she was 
given blood transfusions. She was a patient in three different hospitals in Chicago, where 
splenic puncture and bone marrow studies were made. Over a period of two years prior to 
her admittance to the Research and Educational Hospitals, she received 40 transfusions. 
During this time, the following diagnoses were made: aplastic anemia, Hodgkin’s disease, 
leukemia, carcinoma of the pancreas and Banti’s syndrome. Her past history was essen- 
tiallj' negative. 

Her skin was dark in color but the conjunctiva and mucous membranes were pale. Blood 
pressure was 112/64, temperature 98.6 F., pulse rate 84 and respiratorj' rate 20. Except for 
a systolic murmur at the apex, the heart and lung findings were negative. The spleen was 
palpated 5 fingerbreadths below the costal margin. The liver was tender and palpated 3 
fingerbreadths above the right iliac crest . The remainder of the examination of the abdomi- 
nal organs and extremities was negative. 

The peripheral blood and bone marrow studies (Fig. 1) made on the day of admission are 
recorded in Tables 1 and 2. It will be noted that the peripheral blood pattern was that of 
a leukemoid reaction and the bone marrow was hypercellular (mj-eloid-erj'throid volume)^ 
and revealed a marked erj'throid immaturitj-. There was a moderate myeloid immaturity 
of the marrow, but this did not extend to the stage of myeloblastic involvement. The 
megakarj'ocytes were increased in number but presented a normal maturation dispersion. 
The reticulum cells and macrophages were also increased in number. 

There was difficulty in cross matching the patient’s blood. Following her first transfu- 
sion of 500 cc. of blood after entering the Research and Educational Hospitals, she com- 
plained of much tearing of the eyes and swelling of the lids. Fifteen days following her 
admission, the abdomen became distended and there was shifting dulness. Ankle edema 
and sacral edema were present. At this time, she received her fourth pint of blood. The 
patient was type 0, Rh-positive, and attempts to cross match her blood with that of various 
donors had been unsuccessful, with a few exceptions. On one or two occasions, when the 
patient received blood transfusions, her temperature became elevated to 102 F., but there 
were no chills or malaise. 

The clinical diagnosis was agnogenic m 3 ’-eloid metaplasia of the spleen. 

About six weeks after admission a splenectomj- was performed. The spleen weighed 520 
gm. and measured 20 bj’ 9.5 bj’’ 6 cm. The capsule was smooth, glistening and mottled red. 
The cut surfaces showed a cherr 3 ' red coloration of the stroma. 
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Microscopic findings. The sections revealed some capsular and trabecular fibrous thick- 
ening. There irere fairh- large h-niphoid follicles but these were «-idely separated. Some 
of them revealed irregular central fibrosis and many histiocytes. The pulp was character- 
ized by Avide sinusoids lined by prominent endothelium. Some of these sinusoids were filled 
with young hemopoietic cells. The pulp surfaces between the Malpighian corpuscles Avere 
AA'ide and the degree of cellularity A*aried from field to field. In addition to the usual type 
of cells, hoAveA-er, there Avere collections of larger cells and histiocytes laden AA-ith hemo- 
siderin. Most of the young cell forms reA-ealed little eA-idencc of maturation. There AA-as 


TABLE 1 

PERIPIIER.A.L Blood Stcdies 



BEFORE 
SPLEKECrOlIY 
■ 2S, 1940} 

i 

•AFTER , 

Sl>Lr.SECT01IA‘ PRIOR TO DE.ATII 

(ILAP-ns 5!, 1946);fAPRit 19, 1946) 

Hemoglobin (gm.) 

i 

2.1 

‘ 7.4 

1,5 

ErA'throcA'tes (millions) 

0.80 

3.15 

, 0.64 

LeukocAi.es 

13,9.50 

.33,500 

14,500 

Hematocrit (eiyihrocyte per cent) 

7.0 

2S.0 

! 5.0 

Hematocrit (buffy per cent) 

1 .5 

3.0 

1.5 

Sedimentation rate (mm./Lr.) 

88.0 

55 . 0 

< 86.0 

Corrected rate (mm./hr.) 

S.O 

28.0 

2.0 

Mean corpuscular A'olume (C.il.) 

78.6 

&S.0 

78.0 

Mean corpuscular hemoglobin (tip.) 

23.0 

23.0 

23.0 

Mean corpuscular hemoglobin concentration (per 
cent) 

30.0 

30.0 

30.0 

Reticulocytes (per cent) 

0..5 

O.S 

0.5 

Icterus inde.v (units) 

10.0 

20.0 

; 20.0 

Platelets 

Increased 

Normal 

: Increased 

Differential Smear 


* 

i 

Mj'eloblasts 

3.0 

0.0 

; 0.0 

Promyelocytes 

2.0 

0.0 

; 0.0 

Neutrophilic myelocytes 

21.0 

15.0 

1 8.0 

Neutrophilic metamyelocytes 

33.0 

' 16.0 

! 4.0 

Stab neutrophils 

24.0 

’ 9.0 

; 4.0 

Pob'morphonuclear neutrophils 

4.0 

! 49.0 

j 70.0 

Eosinophils 

0.0 

! 1.0 

1 0.0 

Basophils 

0.0 

i 0.0 

i 0.0 

LA'mphoc3ies 

10.0 

! 1.0 

! 2.0 

ilonocAies 

3.0 

i 9.0 

} 

1 

! 12.0 

1 

Normoblasts (per 100 leukocytes) 

3.0 

1 4.0 

i ^'0 


an occasional multinucleatcd cell which had megakarA'ocytic qualities (Fig. 2) . .\ portion 
of the tail of the pancreas showed abundant- interstitial hemosiderin AAith pigment deposits 
in the parenchymal and islet cells. There Avere irregular, atrophic, parenchyma! changes. 
The section taken through the splenic arteiy- rcA'caled relatiAmly mild sclerotic changes AA if h 

calcification. . . - , , 

The diagnoses were splenomegaly Avith myeloid metaplasia and interstitial finrosis of the 

pancreas and hemosiderosis. 

Twenty-four hours following operation, she dcA-eloped dyspnea, fever, tachycaraia and 
marked lag in expansion of the left side of the chest. Relief was obtained by use of a naso- 
tracheal tube. Ten days folloAving operation, she complained of pericardial pain. Occa- 
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sional extras 3 'stoles and riles in the leftlowerlobe were heard. The abdomen was distended 
and there was edema of the arms and legs. The blood pressure was 110/70 and a pulsus 
paradoxicus was present. The liver was felt some 4 fingerbreadths below the costal border. 
Approximatelj’ 250 cc. of bloodj' fluid was remov'ed bj" pericardial paracentesis. The red 
blood cell count of this fluid was 1.05 millions per cu. mm. Twelve da}'s following surgerj’, 
there was brown pigmentation of the skin. The blood sugar content was elevated. A 
pleuropericardial friction rub was present and the pulse was obliterated on inspiration. 
Two thoracenteses were performed on the same daj'; the first tap jdelded 1000 cc. and the 
second tap, 1200 cc. of bloodj* fluid. 


TABLE 2 

Boxe AIaiirow Studies 



BEFORE 
SPLEN'F-CrOMY 
(JAN, 28, 1946) 

AFTER 

SrLE.NECTOilY i 
(march 31, 1946) 

PRIOR TO DEATH 
(APRIL 19, 1946) 

Quantitative Values (per cent) 

Fat (j^llow and red) 

0.0 

0.0 

0.0 

Plasma , 


53.0 

72.0 

i\tyeloid-erj’throid cells* 

mSSm 

25.0 

20.0 

Erj’-throcj’tes 


22.0 

8.0 

Qualitative Findings (per cent) 

Mj'eloid series 




Myeloblasts 

0.0 

1.0 

1.0 

Promyelocj'tesf 

20.0 

22.0 i 

20.0 

Xeutrophilic mj'elocj^tes , 

24.0 : 

18.0 

20.0 

Neutrophilic metamj’elocj'tes | 

50.0 j 

39.0 

35.0 

Potymorphonuclear neutrophils 

6.0 i 

18.0 

23.0 

Eosinophils 

0.0 

2.0 

I.O 

Basophils 

0.0 

0.0 

0.0 

Erj*throid series 




Pronormoblasts 

22.0 

20.0 

18.0 

Basophilic normoblasts 

50.0 

69.0 

67.0 

Polj'chroinatic normoblasts 

22.0 

11.0 

15.0 

Orthochromatic normoblasts 

0.0 

0.0 

0.0 

Myeloid-erj'throid ratio 

1:1 

1 3:1 

3:2 

Myeloid-erythroid per cent 

50:50 

75:25 

60:40 

INIegakarjmcj’tes 

j Increased 

i Increased 

1 

Increased 

* Normal myeloid-erj*throid volume, 6.8 per 

eent. 




t Includes leukoblasts. 

The basal metabolic rate on admission was +30 per cent; two months later, +11 per cent. 
X-ray films on various occasions showed diffuse cardiac enlargement, fluid in the left pleural 
cavity and pulmonarj* congestion. The urinalj'sis was negative. The red blood cell count 
varied between 1.3 and 3.5 millions per cu. mm., the white blood cell count between 8.4 and 
14.1 thousands and the sedimentation rate bj* the Wintrobe method (corrected) varied be- 
tween Sand 10 mm. in one hour. The Kahn and Wassermann tests were negative. Cultures 
of the pericardial and pleural fluids were negative. The chemical findings were as follows: 
glucose, 190 mg.; glucose tolerance test, 97, 136, 182, 200 mg.; NPX, 21 to 50 mg.; uric acid, 
3.3 to 5.0 mg.; creatinine, 1.5 mg.; carbon dioxide combining power, 56 cc. per 100 cc. blood; 
cholesterol, 148 mg.; sodium chloride, 487 to 554 mg.; albumin/globulin ’ratio, 4.0/3.5 and 
3.9/2.0; icterus index, 20 units; bilirubin, 1.6 mg. 
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Follo%ving splenectomy and up to the time of death, the peripheral blood presented an 
increase in the number of polymorphonuclear neutrophils and a gradual decrease in the 
number of immature myeloid cells, although a few neutrophilic metamyelocj'tcs and myelo- 
cytes and normoblasts were alwaj-s present (Table 1). The bone marrow (Table 2) follow- 
ing splenectomy revealed a shift to the right in the myeloid dispersion which was reflected 
in the peripheral blood by an increase in the number of polymorphonuclear noufrophils. 
The dispersion of the erythroid cells remained practically unchanged. The immature 
cells of this series were pronormoblasts, ilegaloblastic erj-thropoiesis was at no time 
observed, and there was also a lack of erj'throid conversion to a normoblastic type following 
intramuscular liver therapy. Reticulum cells and macrophages were frequently observed 
in the bone marrow prior to and following the removal of the .spleen (Fig. 3). 

Following splenectomy, her temperature rose from normal to 103 F., but returned to 
norm.al in a few days. She received four and one-half pints of blood while in this ho.?pital. 
The second pint was given following splenectomy. The red blood cell count was 3.S mil- 
lions; the white blood cell count, 8000; hem.oglobin. 11.0 gm.; and hematocrit, 26..5 per cent. 
Three days following operation, the fragility test showed values from 0.4 to 0.55 per cent 
saline and no spherocytosis of the red blood cells was noted. She developed n'lles in both 
lung fields and expired three months and five da 3 'S after admission to this hospital. 

XECROP.SY FIXDIXGS 

The necropsj' findings are reported briefiv- as follows. There was pitting edema of the 
hands, left elbow, left breast and both legs. There was brownish discoloration of the skin. 
In the left upper quadrant of tl.e abdomen, there was a rclativeh' recent surgical inci.sion, 
which was almost completeK' healed, and there was an ancient l.caled scar in the lower mid- 
portion of the abdomen. 

The peritoneal cavitj' contained SCO cc. of clear, slighth’ greenish fluid and there was a 
hematoma in the left rectus muscle beneath the site of the surgical incision. There were 
adhesions between tl:c cmentum and the m.ore recent surgical scar and between the left lobe 
of the liver and the anterior abdominal wall. A walled off abscess, 2 cm. in diameter, was 
present between the greater curvature of the stomach, the left lobe of the liver, and the left 
leaf of the diaphragm. Tr.e right leaf of the diaphragm was at the level of the fourth inter- 
costal space and the left leaf at the level of the sixth rib. 

The left pleural cavit}' contained 500 cc. of a clear j-ellow fluid, the right, 100 cc. of a 
similar fluid, and the pericardial sac, 30 cc. of a slighth' cloud\- A-ellow fluid. The thoracic 
and abdominal lymph nodes were enlarged, soft and brownish. The pericardial sac was 
adherent to the visceral pericardium and the parietal pericardium was markedh' thickened, 
roughened and contained deposits of fibrin. The heart weighed 475 gm. Besides the ir- 
regular pericardial deposits of fibrin with organization, there was a pale m\-ocardium and a 
tigered appearance of the endocardium. The right lung weighed 390 gm. and the left, 320 
gm. There was marginal atelectasis in the lower lobe of the left lung. The liver weighed 
1980 gra. and showed slight accentuation of the lobular markings. The pancreas weighed 
70 gm., was soft and pale brown with an area of fibrosis in the tail. The adrenal glands were 
brown. The right kidney weighed 200 gm., the left 240 gm. They showed smooth pale 
3 *ellow surfaces. The pelves, ureters, and urinarj- bladder were grosslj- unchanged. The 
gastrointestinal tract was unchanged except for a pale brownish coloration of the mueo.sa 
of the stomach. The thj-roid gland weighed 50 gm. 

The bone marrow from the lumbar vertebrae, sternum, rib and femur was watery and 
pale gray throughout. Postmortem blood culture showed hemolytic Staphylocuccu.-; auretts 
and a similar organism was isolated from the peritoneal cavity. 

The anatomic diagnoses were: agnogenic mj'cloid metaplasia of the spleen with marked 
anemia; splenomegaly with splenectomy ; hj-perplaisia of the bone marrow; hcmosidero.sis of 
liver, pancreas, stomach, adrenals and lymph nodes; pigmentary cirrhosis of the liver; 
interstitial fibrosis of the pancreas with mild diabetes; fatt^- degeneration of heart and kid- 
nej's; chronic abscess of the left upper quadrant of the abdomen; subacute fibrinous peri- 
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carditis; left pleural effusion; atelectasis of the lower lobe of the left lung; septicemia 
{Staphylococcus aureus); hematoma of the abdominal wall; fetal adenoma of the thyroid; 
and pneumoliths. 


DISCUSSION 

Agnogenic mj’^eloid metaplasia of the spleen can be most frequentl}- confused 
Avitli other entities associated tvith splenomegaly. The most frequent diagnoses 
considered are myelogenous leukemia in its tmrious phases and aplastic anemias. 
In view of the fact that there is agreement in the treatment of agnogenic myeloid 
metaplasia of the spleen bj' sjTnptomatic therapj’^ onljq it is veiy important that 
the diagnosis of this condition be established and separated from other clinical 
entities wliich it maj’’ simulate. This can be done by clinical, hematologic and 
pathologic studies. 

Little is knoAvn about the etiolog}' or pathogenesis of splenomegalj'. Some 
liaA’e attempted to classif}’’ enlargement of the spleen with systemic affections 
in which the spleen shows a hj-perplasia of its noimal stmctural elements, storage 
of abnormal substances, or deA'elopment of new tissue that maj’- be neoplastic 
or mflammatoiy in nature. The following classification of splenomegaly is taken 
from Jaffe:* 

1. Circulatoiy disturbances; 

2. Hj^ierfunction of spleen, Avhich includes storage and excessive destmetion 
of eiythrocjdes with or Avithout jaundice, Banti’s SAmdrome, pernicious anemia, 
thrombocj’’tolysis ; 

3. Excessh'-e formation of blood cells as in myelopoiesis, Avhich includes the 
leukemic and aleukemic m}’’eloses; 

4. Metabolic disturbances, such as Xiemann-Pick and Gaucher’s disease; 

5. Specific granulomas; 

6. Primary tumors. 

From tliis group, aleukemic myelosis is the condition AA hich is to be considered 
most seriousl 3 ^ In Jaffe’s discussion of splenomegalAq he stated; “Aleukemic 
m 3 "elosis usuallj^ offers great diagnostic difficulties, and misinteipretation, as 
splenic anemia or essential tlu-ombocA’^topenia is Amiy common. The differential 
diagnosis is important because of the Amrj' poor prognosis of the splenectomj^ in 
aleukemic mAmlosis. The aleukemic form passes sometimes, especiallj’^ in its 
teiminal stages, into the leukemic foim. A definite diagnosis can be secured onlj* 
bj’’ splenic puncture.” 

According to ILracke,"* splenectomA’' should be performed when eAudence points 
to a disturbance of the orderl 3 ’- destruction of red blood cells, and there is no cau- 
dence of ingested drugs or contact AA'ith noxious and chemical agents that might 
be responsible for the blood destruction. The conditions for AA'hich splenectom3' 
has been recommended are trauma and hemorrhage of the spleen, primai 3 ’' tumors 

Fig. 1A. Smear of peripheral blood showing a leukoblast, a polymorphonuclear neutro- 
phil, and a normoblast. X 1100. 

Fig. IB. Smear of bone marrow (sternal puncture) showing a hypercellular marrow with 
marked erythroid immaturity and a moderate left shift in the mAmloid cells without m 3 'elo- 
blastic involvement. X 1100. 
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of the spleen, congenital hemolytic ictems, essential thrombocj^topenic purpura, 
Gaucher’s disease, Banti’s S3’’ndrome, primaiy splenic neutropenia and primary 
splenic panhematocj^topenia. Agnogenic mj^loid metaplasia of the spleen is 
not mentioned m Kracke’s report. 

We agree fully with the following statement from Jackson, Parker and Lemon 
^'During life, the condition (agnogenic m3’’eloid metaplasia of the spleen) may be 
suspected when a patient with a large spleen has had, over a considerable period 
of time, a subleukemic peripheral blood picture, together with occasional nu- 
cleated red cells in the smear. This suspicion becomes a probabilit3" if the spleen 
is veiy large and hard, slight jaundice is present, the course of the disease is slow 
and the total white-cell count is comparativel3’^ low. The disease ma3’- be 
property diagnosed when, under these conditions, bone-marrow biops3’' 
to reveal the pathologic changes characteristic of leukemia and splenic puncture 
shows the presence of megakaiyoc3’'tes and immature cells of both the red-cell 
and white-cell series. Should the peripheral blood be suggestive and the bone 
marrow prove to be non-leukemic, splenic puncture is necessaiy in order to rale 
out those conditions in which splenectom3’^ might be indicated, if onl3' as a last 
resort.” 

Although these autliors have reported 10 cases of agnogenic m3’’eloid meta- 
plasia of the spleen, which represents the largest number thus far reported in the 
literature, we ma3^ question the rationale of routine splenic puncture as a diag- 
nostic procedure. This \vas perfomied in our patient b3’^ a physician in another 
hospital before the patient came to our attention and did not lend aira diagnostic 
aid. It is possible that the technic was fault3' and that, in more experienced 
hands, the results might have been of value. However, these two outstanding 
diagnostic criteria, the subleukemic to leukemic peripheral blood picture, and the 
absence in the biops3’’ of bone-marrow of pathologic changes characteristic of 
leukemia, should be valuable aids in the diagnosis of this disease. ' 

The bone marrow of our patient was hyperplastic. The er3Throid tissue was 
active and showed a marked immaturit3’’ of a pronoimoblastic t3pe. The m3"e- 
loid tissue revealed a moderate to marked myeloid immaturit3’', but did not in- 
volve the m3reloblastic tissue. The megakaiyoc3Tes were increased and pre- 
sented a normal dispersion, the histioc3Tes were frequenth’- accompanied 63*^ 
phagoc3’-tic activity and no cells foreign to the bone marrow were seen. 

The spleen in agnogenic m3’eloid metaplasia reA-eals capsular and trabecular 
fibrous thickening. The 13’mphoid follicles are large, wideb'’ separated, arid some 
reveal irregular central fibrosis and histioc3Tes. Scattered irregularty throughout 
the stroma are focal areas of hematopoietic cells, m3mloc3’'tes and cells of the 
granuloc3Tic series. Multinucleated cells which have megakaiyocytic qualities 
and normoblasts are present. Larger cell forms and histioc3’'tes laden with 
hemosiderin are also seen. In the present case, no organ, with the exception of 

Fig.2.\. Section of spleen (low power) showing Malpighian corpuscle, with islands of 
myeloid metaplasia. X 400. 

Fig. 2B. Section of spleen (oil immersion) showing a niegakar\'OC 3 'te surrounded 03 ' 
immature t 3 'pes of m 3 mloid cells and a few normoblasts. X 1100. 
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the spleen, re\^ea]ed anj" histologic eAndence of extramedullary myeloid meta- 
plasia. 

Experience of others has clearh'- emphasized the importance of symptomatic 
therapy, once the diagnosis is established. Splenectomy or roentgen irradiation 
has proved to be contraindicated, as the patients in\'ariably died from three 
months to two years following such treatment. A splenectom}’^ in our patient 
was also followed by a fatal re-sult. Our reasons for suggesting splenectoraj' were 
the patient’s lack of improvement from repeated blood transfusions, her repeated 
and continuous blood destruction and the difficulty encountered in finding com- 
patible blood. It Avas believed that benefit might result from removal of the 
factor (the spleen) which was interpreted as causing blood destruction, or pos- 
sibl3" an interference or suppression (release)® of the red cells in the bone maiTow 
(hj'pei’splenism).^ Our experience in this case, however, substantiates the re- 
ports of other investigators, that splenectom3" in agnogenic m3'eloid metaplasia 
of the spleen is contraindicated. 

Since aplastic anemia has been diagnosed clinically in some of the reported 
cases of agnogenic m3’-eloid metaplasia, we should like to direct attention to the 
comment made b5'- Rhoads® in his discussion on aplastic anemia. He stated that 
no form of treatment has been of an3'- avail, that transfusions have had only a 
temporary effect and, indeed, at certain stages seems to haAm been actually 
harmful, leading to acute hemol3’’tic episodes. Furthenmore, those patients gwen 
roentgen radiation as a therapeutic measure liaA-c reacted veiy badl3'. In fact, 
man3’’ cases have been encountered in Avhich i-efractor3’^ anemia has been the onl3’’ 
diagnosis possible b3’’ any clinical or histologic criteria. The cases AA'ere obseiwed 
for long periods, and as a pretern inal feature unequivocal evidence of leukemia 
developed. The suggestion is strong that certain t3’'pes of anemia ma3' AA’ell be 
considered to be preleukemic conditions. From the experience of Rhoads in the 
stud3’- of aplastic anemias, one secs how care must be exercised in the differential 
diagnosis of agnogenic m3''eloid rretaplasia of the spleen from aplastic anemia and 
from leukemia. In the earl3'^ reports of agnogenic m3mloid metaplasia of the 
spleen, these diagnoses haAm been frequentl3’^ encountered. In the latter con- 
ditions, hoAA'CA'er, AA'hen repeated bone marroAv studies fail to rcAmal pathologic 
changes characteristic of leukemia, then one must st)'ongl3'^ consider this diagnosis. 
It is not onl3’' important that the diagnosis be properl3'^ established, but it must 
be remembered that, in this condition, splenectom3’^ is definitely contraindicated. 

There are other factors of pathologic and clinical interest in our case. The 
patient deAmloped hemosiderosis and jaundice, AA’hich aa'c interpreted on the basis 
of seAmre blood destruction folloAving her repeated and numerous blood trans- 
fusions. The reports in the literature of jaundice and anemia in agnogenic 
myeloid metaplasia further indicate that continued blood destruction and hemo- 
l3Tic jaundice are part of this S3mdrome. Furthennore, diabetes mellitus de- 

Fig.SA. Section of bone marrow showing marked cellalarit 3 ' with frequent megakaryo- 
C 3 'tes, reticulum cells and macrophages. X 400. , , 

Fig. 3B. Smear of bone marroAA* (sternal puncture) showing a macrophage surroundeu 
by mj'eloid cells. X 1100. 






460 


I/EVIXSOX AXD LULVEZI 


veloped in our patient, and we Avere able to demonstrate deposits of hemosiderin 
in practically all of the organs, particularly in the pancreas and especially in the 
islands of Langerhans. The desposition of this pigment in the islets obviously 
interfered AA'ith insulin production. 

Following splenectomy, our patient developed a chronic abscess in the left 
upper quadrant of the abdomen, a subacute fibrinous pericarditis and septicemia 
(Staphylococcus aureus). These are factors that hastened the demise of the 
patient. 

As in agnogenic myeloid metaplasia of the spleen, the cause of most blood 
d5"scrasias is not known. Rccenthq much thought has been given to the studj' 
of volatile organic chemicals in association Arith the anemias and leukemias. 
]\ 4 allorj^ and his associates" haA-e presented histologic material from patients AA'ith 
a historj’^ of chronic e.xposure to benzene. They haA-e shown that not merely the 
bone marroAV, but the entire hematopoietic system, characteristicalh- shoAA's 
change. The bone marroAV picture may A'ai-j- from Inqjoplasia to the most ex- 
treme hj-peiplasia and extramedullaiy hematopoiesis, and in two of their cases 
tliis Avas associated Avith t 3 pical leukemic patterns. 

SU-ADURY 

A case of agnogenic mj-eloid metaplasia of the spleen Avhich AA-as diagnosed 
cUnicallj’’, is reported A\'ith necropsj'- findings. 

The essential clinical findings of this condition are insidious onset of progresswe 
Aveakness, abdominal distress and enlargement of the spleen, AA'ith or Avithout 
hemorrhagic tendencj-. The hematologic findings are characterized bj- a slighth’’ 
eleA-ated leukocAde count Avith the presence of immature red and Avhite elements 
in the peripheral blood. A biopsj' of bone marroAv maj' shoAV noimal, h 5 po- 
plastic, or lypeiplastic marrow with marked myeloid immaturit3- and no in- 
A-ohmment of the m3mloblastic tissue. The megakaiyoc3des are increased and 
present a nonnal dispension. 

The spleen is enlarged and, histologicalh', shows fibrosis and m3’eloid meta- 
plasia. In our patient there Avas no eA'idence of m3-eloid metaplasia in an3- of 
the organs other than the spleen. 

Our experience in this case substantiates the reports of other investigatoi's 
that in agnogenic m3'eloid metaplasia of the spleen splenectom3- or roentgen 
radiation of the spleen are contraindicated. 


ADDENDIBI 

Dr. Paul R. Cannon, chairman, Department of Patholog}', Dniversit}’’ of Cliicago, has 
kindb' given us permission to add to our presentation a case of agnogenic mj-eloid meta- 
plasia of the spleen that he has studied. His patient Avas a white female, 4S j-ears of age, 
with a spleno-hepatomegah'. Her peripheral blood showed a macrocytic tA'pe of anemia 
and a leukemoid blood picture; the sternal marrow showed a normal cellulariD'. The 
clinical diagnosis Avas Banti’s sj-ndrome. The spleen AA-as remoA-ed and the histologic diag- 
nosis AA’as agnogenic mj-eloid metaplasia. The patient expired two months following 
splenectomj-. The liver showed extramedullary hemopoiesis. 
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A SU^'EY OF CO."kI]\-IERCIAL Rh AYTISERIBIS* 

MILTON GJELHAUG LEVINE, Pn.D., an'd ROBERT E. HOYT, Pn.D. 

From The Insiilnte of Experimenlal Medicine, College of Medical Evangelists, 

Los Angeles, California 

The increasing recognition of the importance of the Rh factor in medical 
practice has taken the testing for this blood factor out of the hands of the special- 
ist and placed it in the realm of the medical technician in the hospital and in 
the doctor’s office. Despite the marketing of diagnostic antiserum by numerous 
commercial laboratories, the demand for such antisenim has been so great that 
it is often difficult to obtain an}"- for long periods. Such a situation must in- 
e^’itabl 3 ’■ lead to some carelessness in production unless there is some central con- 
trol of the assaj% labeling and standardization of Rh antiserum. 

We wei'e impressed with the problem when we began a sun'e\" for the presence 
of the Rh factor in pregnant women at the YTiite Memorial Hospital, Los 
Angeles. The vaiying qualitj”- of different seioims soon became obvious. 
Before beginning our main stud\’’, a comparison of various commercial anti- 
serums seemed necessaiy. 


EXPEKLMEXTAL 

Si.x serums from four different manufacturers were te.sted. Product A, a 
guinea pig serum, was used for the rapid slide agglutination test. The others 
were antiserums of human origin used in the test tube method. 

The tests were run according to the instructions of the manufacturers of the 
serums. Product A was tested against a 10 per cent red blood cell suspension; 
the others, against a 2 per cent suspension. All test tube trials were run as 
follows: 

1. One drop of the anti-Rh semm was mixed with one drop of a washed 2 per 
cent blood cell suspension. 

2. These were incubated at 37 C. for from thirty minutes to one hour, according 
to the individual instiaictions. 

3. The tests were then read macroscopicallj”', centrifuged at 1000 R.P.M. for 
one minute, then read microscopicalty. 

The results are listed in Table 1. 

Product A, a guinea pig seium, proved of no value in the newborn and in in- 
fants up to one month of age, since all of them gave positive reactions. This is 
in accordance with the findings first described bj^ Fisk and Foord.^ In most 
cases, blood specimens were tested b 3 ’’ more than one of the serums listed in the 
above table. The results with products D and E fell far below the e.xpected 85 
per cent. The results with products A, B and C, at first glance, might seem 
accurate vdthin the range of statistical error. Products A and B gave 85 per 
cent positive findings and product C, 87 per cent positive results. Actuall 3 ’’, 
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a detailed examination of the data demonstrated that this accuracy ^vas onh* 
apparent and not real. Four bloods ivhich u'ere positi'i'e xvith product C were 
negative with B, and eight bloods which were negative vith product C were posi- 
tive with B. Tliis distribution is obvioush’ due to factors other than the mere 
variation between serums gi%'ing 85 and 87 per cent positive findings, respectively. 

Comparison of the two “So per cent senims”, B and A, further substantiated 
the inaccuracy of the apparently accurate data. Six bloods which were positive 
with product A were negative with B and two bloods which were positive uith 
B were negative with A. 


TABLE 1 

A CoiiPAPUSox OF Different Commef.ci.\l Rh Tvping Serc.m3 


coifiTEsciAi. sraor | 

! 

1 BLOOD CSt33 

1 

: MTifUER OF 1 

( SESniS TESTED J 
* ? 

PEB CENT 

Rh-posiirvx 

Product A 1' 

1 Infant 

t 95 I 

100 


! Adult 

, 225 f 

S-5.7 

Product B i 

1 Adult and infant 

! 17G ! 

SS.7 

Product C 1 

1 Adult and infant 

f 249 ' 

SS.O 

Product D 

1 

' 1 


Sample no. 1 i 

1 Adult and infant 

; 101 i 

S0.2 

Sample no. 2 ’ 

Adult and infant 

i ^ i 

27.3 

Product E 


i ! 


Concentrated i 

1 Adult and infant 

! 170 ! 

44.7 

Diluted according to instructions,..! 

1 Adult and infant 

j 30 1 

1 f 

10.0 


Product E was accompanied b3' instructions for diluting the serum. The 
results are given for the diluted and undiluted senims. Products E and D were 
supposedh'^ standard “So per cent serums”. 

Titration of the antiserums against Rh-positive cells revealed the following 
results: 


Product B 

Product C I'S 

Product D 

Sample 1 

Sample 2 1:16 

Product E 1-4 


The titrations were run b^’ the standard test tube method with the final dilu- 
tion determined bj* the addition of the red blood cells. The points were read 
microscopicall}*. 


DISCUSSIOX 

The variations wiiich were present in the senuns tested might Iiave been due 
to a number of causes. First, deterioration might have occurred between the 
time the serum left the manufacturer and the time it reached the laboraton.-. 
All serums were used within the e.xiriration dates set b^’ the commercial labora- 
tories. There was, however, no uniformit}* in the e.xpiration periods wiiich were 
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set. Products B and C came prepared in the form of drj’’ powder and each had 
an expiration period of thirty da5’’S. Products E and A, which were undesiccated 
serums, had a three month and a six month period, respectively, before expiration. 

Our own experience indicates that deterioration did occur. Obviouslj', more 
study is essential to determine the optimum conditions for preseiwation. 

Another problem is the initial strength of the seioim. Although there is no 
definite relation between the titer of the semm and the number of Rh-positive 
bloods in our figures presented above, nevertheless, the strength of the senim 
must play a role in the accurac}'^ of the test. Xo data are given on any of the 
seimms examined as to control titration of the product, although we have the 
written and verbal assurance of most laboratories that such assa3’’s are performed 
routinety. 

The actual details of procedure might have accounted for some error. We 
followed instructions in each case. If the procedures required a more meticulous 
technic than that which we emplo3md, we beheve that the test was too sensitive 
for routine work. A more likety assumption is that our procedures were ade- 
quate. We must emphasize, however, that variation from this technic ma3'^ 
lead to error. If the results are not read microscopically, as for example in the 
test tube method, accurac3’’ decreases. Philip Levine- advises, contrar3' to the 
instructions of one commercial concern, that tests should be run only b3’’ quahfied 
technicians and not b3^ the physician himself in his spare time . 

One final source of difficulty should be mentioned. This has to do with the 
terminolog3’' of the subgroups of the Rh factor. In this countiy, WieneH and 
Philip Levine’ lead two schools of thought on the correct genetic interpretation 
of the Rh phenomenon and the terminolog3’’ of the subgroups. It is essential 
for the whole problem to be clarified so that the laboratoiy worker wiU know, 
at least, the practical aspects of the terminolog3^ At the International Hema- 
tolng3" and Rh Conference recentty held in Dallas, Texas, most workers seemed 
to support the British terminolog3^,’ which is in accordance with Levine’s theoi^L 

To illustrate the confusion in the labeling of commercial serums, product C, 
an “87 per cent positive semm”, is listed as anti-Rho' which certain^’' doesn’t 
conform to an3^ terminolog3^ Taken literall3q it is a serum against the Rho 
and Rh' factors and does not include the Rh" group and, therefore, should fall 
short of gmng 87 per cent positive findings. 

CONCLUSION 

Six different Rh-antisemms from four different manufacturers were tested on 
a series of bloods from patients. The results varied from 10 per cent to 100 
per cent positive, instead of from the theoretical variation of 85 to 87 per cent. 
A definite need for standardization and control of Rh diagnostic antisemms is 
indicated. 
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THE ROLE OF A PRESLLAIED SEROI PROTELX IX THE 
PATHOGENESIS OF ERYTHROBLASTOSIS FETALIS* 

J. GUREVITCH, -Y.D., Z. POLISHUIC, :M.D., axd D, HERMOXI, M.Sc. 

From the Deparlmenl of Bacieriology and Serology, and the Deparimenl of Obstetrics and 
Gynecology of the Rothschild Hadassah University Hospital, Jerusalem, Palestine 

The difficulty of finding Rh antibodies in individuals with clinical signs of Rh 
sensitization has prompted the search for new tests in their detection. The open 
slide test of Diamond and Abelson^ has lead to the description of the ‘‘conglutina- 
tion test” for Rh antibodies bj* Y iener.*® In the latter test, human seram or 
plasma is used instead of saline as a diluent for enUhroc^des and for the seium to 
be examined. The conglutination test has proved superior to previou.sIy em- 
ployed tests for the detection of Rh antibody'. According to Wiener, this test 
is characterized b 3 ' a two-stage reaction in which a serum component, presumed 
to be identical with the X-protein described bj' Pedersen,® is responsible for the 
activation of the antigen-antibody' reaction. Another method for the detection 
of Rh antibodies was proposed by Coombs, 3Iourant and Race.- In this test, 
the sensitized erytlmocy'tes are agglutinated by an anti-human globulin .serum. 
The same principles were employed by- Hill and Haberman® in their “de^'eloping 
test”. 

One of the puzzling features in the pathogenesis of hemolytic disease of the 
newborn is the fact that in a large number of cases, hemolytic manifestations 
become apparent only after delivery'. In attempting to e.xplain this phenomenon, 
Wiener postulated that a serum component, the X-protoin, which is fomied only' 
soon after birth, initiates the hemoh'tic process in the newborn.^'^- “ • ^ 

Boorman, Dodd and Morgan,' have obsen'ed that when hiunan seium is used 
as a diluent in titration of immune A,B,jM,X and Rh antibodies, it enhances the 
action of these antibodies. The re.sults of Boorman and co-workers indicate that 
all human serums .share the capacity' to enhance the action of immune antibodies, 
although some variations in the degi’ee of eniiancement have been found. The 
property' of senun to enliance the agglutination of immune antibodies appears 
to be the basis of the conglutination test. 

We have endeavored to detennine whether the property of serum to enhance the 
action of immune antibodies is present in fetal blood and in the blood of infants. 
A preliminary' note on this subject was published elsewhere.- 

JLIIERLILS AX'D .'METHODS 

The following semms were used in the titration of the immune antibodies; 
Two anti-Rli serums vith a titer of 1:256 and 1:64, respectively, obtained from 
two Rh-negative women delivered of ery'throblastotic babies; one anti-A senim, 
having a titer of 1 : 256.000, obtained from a pregnant woman suffering from Gau- 
cher’s disease: and one anti-B-serimr with a titer of 1:204S, obtained from a 

*:Received for publication, February- 24, 1947. 
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Avoman of group A who delivered a healthj’- child of group B. The titers cited 
above Avere obtained by the conglutination method. 

The four senuns were examined for agglutinating antibodies in serial dilutions 
in noiTnal saline. Titration of these serums was also made by the conglutination 
method, using as diluent adult plasma of the AB group, and different compatible 


TABLE 1 

Results of Titration of Immune Antibodies in 93 Human Seru.ms 


SOURCE OF SERUMS USED AS 
DILUENTS FOR IMMUNE 
SERUMS AND SUSPENSION 

OF ERyTHROC^TES 

ANTI-RII SERUM AGGLU- 
TINATION TITER 1:8 

(conglutination 

[ TITER 1:61) 

ANTI-RH SERUM 1 
acolutination i 
TITER 1:128 : 

fcONGEUTI- j 
NATION TITER i 
1:256) 

ANTI-A serum AGCLUn.VA-i 
TION TITER 1:32,000 j 
fCONGLUTINATION j 

TITER 1:256,000) 

1 

ANTI-B SERUM 
AGGLUTINATION 
TITER 1:128 
(conglutination 

TITER 1:2048) 

Umbilical blood 
(41 cases) 

1:1 (2 cases) 

1:2± (3 cases) 

1:2 (7 cases) 

1:4± (4 cases) 

1:4 (S cases) 

1:8 (3 cases) 

1:32 

1:64 (2 
cases) 
l:256± 

(3 cases) 

1:S000 (2 cases) ; 
1:32,000 (2 cases) | 

1:16 

1:64 (2 cases) 

1:128 

11 Children up to 6 
months of age 

l:4± 

1:4 

l:S± 

l:S 

l:.32 

1 

1:2000 (2 cases) 
1:4000 

1:16,000 (2 cases) 

1:64 

10 Children from 6 to 
IS months of age 

l:S 

1:32 

l:G4rfc 

1:64 (2 cases) 

1:256 (2 
cases) 

1:128,000 

1:256,000 (2 cases) 


13 Pregnant AA'omen 

1:32-1:64 
(10 cases) 



1:1024-1:2048 
(3 cases) 

13 Adults 

1:64 (11 cases) 



1:1024-1:2048 
(2 cases) 

5 Adults: diagnoses 
Infectious hepatitis 
Cirrhosis of liver 
Cholecystitis 
Hepatitis 

1:64 

1:32 (2 cases) 

1:64 

1:64 


1 

i 

1 


serums from persons of A'arious age groups. There Avere 41 serums of cord blood 
from normal babies, 11 serums of infants up to the age of 6 months, 10 serums of 
infants aged from 6 to 18 months, 13 serums of healths’’ adult males and females, 
13 serums of pregnant AA'omen and 5 serums from patients suffering from liA'cr 
disease. The serums of the adults seiwed as controls. The method of titration 
AA'as as folloAVS. Three roAA-s of small agglutination tubes AA'ere arranged. To 
each tube, 0.2 cc. of the respectiAm diluent AA'as added. Normal saline AA'as the 
diluent used in the first roAv, adult AB plasma in the second roAV and the semms 
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to be examined in the third roiv. Two-tenths (0.2) cc. of the serum containing 
the antibodies n'as added to tlie first tube in each row. By transferring 0.2 cc. 
from the mixture in the first tube to the second tube, 0.2 cc. from the second tube 
to the third tube, and so on, double serial dilutions were made. A fresh pipet 
was used for each row of tubes. A 2 per cent eiythrocyte suspension was pre- 
pared in the respective diluents for each row, ?.e., for the first row in normal saline, 
for the second i-ow in AB adult plasma and for the third row in the serum to be 
examined. T 3 "pe 0 Rh-positive blood was used for the titration of the Rh 
anti-serums, blood group A erythrocytes for the anti-A serum and B blood for 
the anti-B serum. The results of the agglutinations were read for the Rh- 
antiserums after one hour in a water bath at 37 C. and for the A and B antiserums 
after one-half hour at room temperature. The last tube with microscopicallj' 
visible clumping was considered as the end titer. 

TABLE 2 


SuMM-A-RY OF Table 1, Showing Enhancement of Immune Antibodies by Various 

Human Seru.ms 


SOURCE OF EEROt 

NUMBER OF SERUifS 
EXAMINED 

XUJIBER OF ‘‘N'ON'EN- 
HANXING” SERUMS 

number of “enhanc- 
ing” SERUMS 

Umbilical blood 

41 

3S 

3 

Infants 1 to 6 months 

11 

10 

1 

Infants 6 to IS months 

10 

1 

9 

Persons 17 to 40 j^ears 

13 


13 

Pregnant women 

13 


13 

Adults with hepatic diseases 

5 

1 

5 


RESULTS AND DISCUSSION 

The results of titrations are tabulated in Table 1. In Table 2, the results 
have been summarized according to the reaction of serums with respect to the 
“enhancing” properUL A seriun was regarded as having enhancing properties 
if it reacted, in titration, like mature serum. Bj' the teim “nonenhancing” 
serum, we refer to serum which reacted in a manner similar to saline when used 
as a diluent. 

The results of our investigations corroborate the observations made b\' Boor- 
man, Dodd and Morgan' on the enhancing properties of mature human serums on 
the agglutination titem of immune antibodies. We were able to establish that 
these properties are not influenced b.v pregnancy or by pathologic conditions of 
the liver (cirrhosis and hepatitis). This enhancing property, hoAvever, is usually 
not found in cord blood or in the blood of infants up to 0 months of age since, out 
of 52 cases, only 4 behaved like mature serums. The identical efl'ects of mature 
human serums on various immune antibodies indicate that the validity of the 
conglutination reaction is not limited to Rh antibodies. 

Our investigation began with the question of the role pla\'cd by a sci’um factor, 
X-protein, in the pathogenesis of erythroblastosis fetalis. According to Wiener, 
fetal blood lacks this X-protein, which is presumably formed in the ncwljorn 
soon after delivery. The presence of this factor initiates the hemolytic, disease 
in the a])parently healthy child. This would imply that the presumed X-pro- 










468 


GUKEVITCH, POIilSHtJK A^^3 HERJIO^^ 


teins precipitate in vivo, a process similar to that taking place in the conglutina- 
tion reaction. From the results of our studs' on cord bloods of normal babies 
and of serums of infants up to the age of G months, it is evident that thes' do not 
possess enliancing properties in the agglutination reaction of immune antibodies. 
Although we had no opportunity of examining senims of erythroblastotic children 
as to their enlrancing property on immune antibodies, it is not reasonable to 
assume that onlj'- seiouns of eiythroblastotic cliildren maj’’ contain the presumed 
X-protein. Diamond and Denton'* and Levine and Bernstein,’ reported success- 
ful enhancement of immune antibodies bs'^ a great variety of substances, especi- 
allj' those containing protein. We may accept the view that this enliancing 
property in mature hitman serum is due to some serum protein. Should we 
presume that this seram protein is able to cross from the maternal to the fetal 
cu’culation, it would stUl be difficult to explain the postnatal appearance of 
hemolytic manifestations in most cases of eiythroblastosis fetalis. 

From the results reported here, it would appear difficult to ascribe anj"- sig- 
nificance to certain serum propei’ties in explaining the occurrence of eiythro- 
blastosis fetalis in babies soon after deliveiy. 

SIIMXLA.RY 

Serums from umbilical blood, infants and adults, have been studied to ascer- 
tain their enhancing properties on various immune antibodies. 

Umbifical serums and serums of infants up to the age of 6 months were found 
to be devoid of enliancing properties. 

Serams of infants aged 6 months and over, as well as senims of healthy adults, 
of pregnant women, and of patients with hepatic disorders, liaise all been found 
to enliance the action of various immune antibodies. 

It may be concluded that there is no evidence for the presumed role of a 
so-called serum factor or X-protein in the pathogenesis of hemohdic disease of 
the newborn. 
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XONPPlODUCTIOX by pexigillix of false positive 
REACTIOXS IX KAHX AXD KOLMER TESTS* 

RALPH D. TL'RXER 

TMien, in 1943, i\Iahone.y and hk associates^ announced tiiat penicillin was 
efficacious in the treatment of S3'philis, and subsequenth* with the intensive 
therapeutic use of penicillin, it became desirable to determine the effect of penicillin 
on the' serologic tests for S 3 TJhilis. 

In the summer of 1943, these investigations were begun in the Department of 
Serolog3', of the Xaval Medical School, Bethesda, Maiyland. Inasmuch as it 
had been shown that the actions of penicillin in vitro and in vivo^ were apparenth* 
not the same, it Avas reasoned that the effect on the Kahn and Kolmer tests of 
penicillin added to solutions used in perfomiing those tests might differ from the 
effect on semms Avhich alread3* contained penicillin as a result of the therapeutic 
use of the drug. It Avas thought b3' som.e that the injection of penicillin into 
patients re.sulted in a b3’-product Avhich had a part in the action of penicillin 
therap3' and might affect serologic tests. 

The following inA'estigations and obser\'ations were made. 

1. Fresh penicillin solution Avas added to the saline used in performing the 
Kahn tests (Presumpth-e, Standard and Quantitative) in concentrations found 
in patients treated A\-ith penicillin fyarA’ing number of O.viord units per cc.). 
Tests Avere ran on senuns of 331)1^111^ subjects and of normal, negatiA’e, non- 
S3’philitic A'olunteers. Xo changes in the titers of the serums of the S 3 'plulitic 
patients AA'ere noted and no false posith'e reactions in the serums of the other per- 
sons Avere seen. 

2. Fresh penicillin solutions (in concentrations ordinai'il 3 ' equal to, and greater 
than, those found in the blood) were used in duplicate titrations for the Kolmer 
tests and also in duplicate Kolmer QualitatiA*e and Kolmer QuantitatiA'c tests 
AA'ith no effect upon these tests. 

3. Kahn and Kolmer tests, A\ ith and Avithout penicillin added, AA cre performed 
on the serams of nons3q}hilitic patients aaKo AA’ere receiving penicillin therap3’, 
chiefl 3 ' because of staph 3 dococcic or streptococcic infections. Xo positiA’e Ivahn 
or Kolmer reactions AA’ere obtained in this group. 

4. Ver 3 ' strong dilutions of penicillin were found to be slighth* anticomple- 
mentaiy in experimental titrations (Kolmer), but it is most unlikeh' that such 
concentrations Avould CA'cr be encountered in routine AA’ork. 


SUMALVRY 

In tests made on 140 serums to Avhich penicillin aa’os added, no false positive 
Kalm and Kolmer tests Avere obtained. It is belicA’ed that the therapeutic 
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use of penicillin can be discounted as a source of false positive serologic tests for 
sjHpbilis.* 
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SOME CLINICAL OBSERVATIONS ON THE PROTHROMBIN 

TEST* 

BEX FISHER, B.Sc. 

From the Department of Medicine, Universihj of Illinois College of Medicine. 

Chicago, Illinois 

The prothrombin test has Ijecome clinicalh' useful with the advent of anti- 
coagulant therapj". There is, however, still a great deal of confusion conceniing 
the indications for this test and the inteipreiation of its rcsults. This is es- 
pecially true of the reports by various authors on studies using Dicimiarol (3, 
3'-methylene-bis-[4-h5'drox5'coumarin]) as an anticoagulant in vivo. The ne- 
cessity for less ambiguit}" in the interpretation of tlie prothrombin test has been 
stressed in a previous communication.’ 

Indications for the use of the prothrombin test fall into three goups: in differ- 
entiating bleeding states due to hjpoprothrombinemia from those caused by 
other conditions; as a diagnostic aid in the differentiation of obst motive jaundice 
(stone or stricture of the ductus choledochus) ; and in following the course of 
therap 3 ' with Diciunarol. The prothrombin test should not be userl as a routine 
liver function test. 

In the majority of reports in the literature concerning prothrombin levels, 
the results of the test are given in terms of “seconds” or of “per cent”, without 
an}' mention of the method used. In some instances, the prothrombin time of a 
“normal patient” is given. The use of normals, in this sense, is fallacious, as will 
be sho^m in this report. In reviewing the literature and testing the proposed 
methods, a gi’eat variation was seen in the Hpe of procedure anti also in the man- 
ner of expressing the results. Thus, there is no real standardization of technics 
or of prothrombin values, which may lead to confusion in connection with anti- 
coagulant therap}’. VTiile some of these methods can be used as a “relative 
index” of the prothrombin concentration, most of them are not accurate enough 
to follow that course of Dicumarol therap\'. This is tme of the so-called “bed- 
side” and “rapid” prothrombin method.s, especialh' those using blood from a 
finger puncture. 

The man}' suggested prothrombin methods and modifications can be divided 
into two large groups: the whole blood and the plasma methofls. The latter 
can be further divided into those emplo}'ing whole plasma and those employing 
diluted plasma. Each method will be discussed in turn. 

Accordmg to Howell,' prothrombin detenninations are ba.‘''ed on the following 
reactions: (1) Prothrombin -r thromboplastm -f Ca+^—> thrombin, (2) Throm- 
bin + fibrinogen— > fibrin. 

From the.se reactions, it is seen that if the thromboplastui, Ca^, and fibrinogen 
are constant or controlled, the production of a fibrin clot can be used as the 
stoichiometric point in a quantitative titration, with the prothrombin as a 

* Received for publication, March 26, 1947. 
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variable. In all of the methods this is based on a time factor: the time required 
for foiTOation of the clot, after the proper constituents entering into the reaction 
have been mixed. This time must, of course, be converted into suitable equiv- 
alents to express the amount of prothrombin in the blood. To report the sec- 
onds required for the clot to form does not allow for the variability of the different 
methods or reagents. 


VTaOLE BLOOD METHODS 

The whole blood methods are used because thej'^ are easy, and a minimum 
of equipment is needed. The simplest of these is the “slide test”;*- a drop of 
blood from a finger or an ear puncture is added to a drop of thromboplastin 
emulsion on a slide and the mixture is stirred, or a pin is drawn through it, until 
a fibrin clot forms. There are many variations of this procedure,* • and all are 
subject to error in that the drop cannot be kept constant and the admixtme of 
various amounts of tissue fluid cannot be avoided. This is important when 
working with so small an amount of blood and so complex a mechanism. 

Smith’s “bedside” one-stage test,*® which was first reported bj’- Quick,*^ is 
performed in the same manner as the Lee-White test for coagulation time, with 
the addition of thromboplastin. It represents, then, a method for detennining 
accelerated coagulation time rather than the prothrombin time. Smith’s 
test is widely used in small hospitals and laboratories, but has disadvantages 
which will be discussed together with the errors of whole blood methods in 
general. 

Another whole blood technic which has been used is Kato’s microprothrombin 
method.^ It was developed for use primarilj’- in pediatric practice since it uses 
blood from a finger or a heel puncture. The method, however, entails the use of 
special microhem opipets, which require some previous training in their manipula- 
tion before accurate results can be obtained. Kato stated that his method is but 
a procedure for determining an accelerated clotting time.® 

It can be seen that there are many disadvantages and inaccuracies connected 
with the whole blood procedures. Since almost all of these technics use blood 
which is not treated with an anticoagulant, it is necessaiy to perform repeated 
venipunctures or finger tip punctures in order to cany out more than one de- 
termination. Accurac}’’ of any degree cannot be obtained with a single deter- 
mination on a whole blood specimen, since, as will be shown later, there is some 
degree of statistical deviation of a given sample even with more accurate methods. 
Multiple determinations (two or three) should be carried out, and their average 
taken, in order to procure values of greater accuracy. 

Comment can be made on the two whole blood methods which are used more 
frequently (Smith’s and Kato’s), and on their variations. Equal volumes of the 
patient’s and “normal” bloods are used, and a ratio of the relative amounts of 
prothrombin is assumed. This is sometimes expressed as “clotting power” or 
“prothrombin index”. It must be remembered, however, that the prothrombin 
fraction of the blood is in the plasma, and that the red blood cells replace a certain 
volume of this plasma. This would not be significant were it not for the differ- 
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ence in hematocrit values of the patient and of the “normaP'. Thus, equal 
total volumes of vhole blood do not ahvays provide equal amounts of plasma and 
of red blood cells. 

Although Abramson, Weinstein and '^^Hiite^ stated that they consider blood to 
be 1 : 1 su.spension of cells and plasma, it is eiToneous to follow this foi-mula. I 
have observed patients A^dth portal cirrhosis aa'Iio haA'e giA*en prothrombin A’alues 
of over 100 per cent (compared with tests run on blood of '-normal” indi\-iduals 
at the same time) by the Smith's bedside test, yet haA’e giA'en consistently Ioaa* 
A’alues (30 to 40 per cent) by Quick’s method (Table 2). Patients Anth ciiThosis 
frequently sIioaa' a secondaiy anemia and a low hematocrit, especially before any 
therapA' has been instituted. Tliese tests haA’e been interpreted to mean that 
although equal A’olumes of Avhole blood AA’ere used, cinhotic patients had more 
plasma per unit of AA'hoIe blood than normal. Therefoiv, although they may have 
less prothrombin per unit of plasma, these patients haA-e sufficient plasma to 
compensate AA’hen aliquot amoimts of plasma are not used. Furthermore, it is 
difficult to judge the end point of the reaction, using w’hole blood, since the opaque 
color masks the clot formation. The sensithity of these tests approximates that 
of clotting time methods, AA’hich are recorded in teiTns of half-minutes. The 
AA’hole blood methods, are usually e.xpressed in terms of the “normal” blood nin 
at the same time: this makes the determination A’ariable, depending on the hema- 
tocrit and prothrombin A’alues of the “normal” used. The A’alues are then repre 
sented by a linear curve, AA’hereas serially diluted plasmas give a hyperbolic 
curA’e. Hauser'^ and Quick'’ haA’e reported the occurrence of familial hypopro- 
thrombinemia Avhich aa’us refractor}* to A-itamin K. This increases the hazai-d 
of using different “normals” as a standard each time a determination is ntn. It 
is belieA*ed, therefore, that w’hole blood methods and this method of expression of 
prothrombin leA’els often have sources of errors. 

PLASALA. AtETHODS 

Plasma prothr’ombin methods are belieA’ed to be more accurate, since aliquot 
por'tions of plasma are used and the prothrombin is contained in the plasma. 
These methods can be diA-ided into “w’hole” and dilute plasma procedures, atrd 
consider’aljle controA’er'sy has been Avaged oA er the sensitiA’ity and accuracy or 
one method as opposed to another. It .should be remembered that a single 
prothrombin level has no more significance than a single determination of the 
ba.sal metabolic rate: it is best to follow the patient over a short period of time 
and notice the trend of the prothrombin A’alues procuretl. 

DILUTED PLA.SA!A 

Bi-ambel,-' Allen cf al.y Shapiro ct and several other inA’cstigators IraA’c 
proposed modifications of plasma prothrombin methods in which the plasma is 
diluted to 59 or 12.5 per cent before carrA’ing orrt the procedun?. They claim 
that these dilutions increa.se the sensith’ity of the test by increasing the time of 
formation of the clot. Therefore, they claim that differences in time of clot 
formation are more significant. These “sensitized” procedures have been the 
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basis for claims that xanthine and salicylate drugs produce hypoprothrombinemia 
and for the relationship of hyperprothrombinemia to thrombosis. 

Plasma dilutions of the order of 10 to 12.5 per cent, made with 0.9 per cent 
saline solution, show great variability in clotting, since the fibrinogen and elec- 
trolyte concentrations are similarlj'^ reduced. The quahty of the clot is also 
poor. It is not feasible for small laboratories to prepare, by adsoiption methods, 
prothrombin-free plasma (which is an ideal diluent), since this would involve 
more time and Avork than is desirable for the preparation of reagents for a simple 
laboratoiy test. As is shown in Table 1, the standard deviation at 10 per cent 
is much greater than that at 50 to 100 per cent. Pi-othrombin levels of GO to 
100 per cent are usually not significant in whole-plasma methods since there is 
veiy little change in clotting time; levels below this (30 to 50 per cent which is 
the range concerned in Dicumarol therap 3 ') are sufficientlj'’ prolonged to observe 
delaj's in clot foimation. Therefore, there is no advantage in using diluted 
plasma in routine prothrombin determinations, since the dilution adds another 
source of error. 


VmOLE PLASAU 

The two whole plasma technics which are used are the one-stage method of 
Quicld^ and the two-stage method of Warner, Brinkhous, and Smith.*' The 
two-stage method can be discussed brieflj’' bj’’ stating that, although it is quite 
accurate as a medium in the stud 5 ’' of the blood clotting mechanism and other 
complex research projects, it is bejmnd the scope of the average small hospital 
laboratoiy. 

Quick’s one-stage method has been shown to be an accurate and relatively 
simple procedure. It is accurate enough to follow Dicumarol therapj^ and can 
be learned in a short time. By this method, serial dilutions of plasma (using 
0.9 per cent saline or prothrombin-free plasma), are plotted to produce a hj^ier- 
bolic curve; the concentrations of prothrombin being plotted on the abscissa, 
and the clotting times, in seconds, on the ordinate. Quick has calculated the 
folloAving foimula to fit this curve: 

302 

% of prothrombin = p ^ _ g ^ 

in AA’liich 302 and 8.7 are constants and P.T. is the patient’s prothrombin time 
in seconds. One hundred per cent is the value of prothrombin represented b}’^ 
plasma which Avill clot in eleven to thirteen seconds, using an active thrombo- 
plastin preparation. 

Much work has been done on the preparation of a suitable thromboplastic 
substance for use in the prothrombin test. Rabbit and beef lungs have been 
used as sources of the material, as well as rabbit brain (acetone-delydrated ac- 
cording to the method of Quick). Fullerton® and Page and Russell** have used 
Russell’s Auper venom, Avhich shoAvs thromboplastic actiAuty, and a good degree 
of stability in the crystalline state. AVe haAm obtained good results Avith the 
product from rabbit brain prepared b 3 ’^ Difco. 
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LABOPA.TORT STUDIES 

Tlu-ee laboratoiy studies are included in this report. For all of the studies, 
blood was drawn hy venipuncture and oxalated in the proportion of 0.1 cc. of 
0.1 M sodium oxalate to 0.9 cc. blood. The specimens were centrifuged for 
fifteen minute.s at moderate speed, and the supernatant plasma drawn off for u-se 
in the tests. Thromboplastin emulsion was prepared by incubating one ampule 

TABLE 1 

Sx.tXD.uiD Delation- of Pf-otiirombin Readings bt Quick’s Method in Relation 

TO Percent.age of Prothrombin 


CEKT or PR0THK03.CB1!C IK 
DILUTED PL.\S1L\ 

1 F?.OTHrOi!BIX TIME IK SECOKD5 

I 

1 ST.V.VDAP.D DEI 

10 

1 74.2 

j ±5.3 

20 

! 37.5 

±3.8 

30 

i 27.1 

, ±2.9 

40 

i 22.1 

I ±2.0 

50 

! 19.0 


100 

• 14.4 

i ±0.0 


i 


TABLE 2 

Comparison of S.^aTH’s and Quick’s Methods of Prothrombin Tests in 5 P.atients 
MTTH PoRT.AL Cirrhosis .and in 3 "Xormal” Individuals 


i i 


PATIEKT 

; s^irrn's iiETEOD 

. quick’s method » 

HEMATOCKIT, 

! Reading in 
! Seconds 

1 

' Per Cent of i 
j N'orraal 

1 Reading in 

: Seconds 

Per Cent of ' 
Prothrombin | 

PEP. CEKT Of 

2 ED CELLS 

‘X. B. 

! 23.8 

1 100.0 

i 14.2 

94.3 1 


0. L. 

1 21.4 

: 111.2 

21.1 

1 29.9 1 


*R. B. 

1 20.5 

! 100.0 

14.0 

i 100.0 i 

54.0 

F. W. 

1 17.0 

1 120.6 

26.4 

1 ! 

44.0 

*E.L. • 

! 25.8 

100.0 

16.9 

1 51.2 > 

48 .0 

M. K. 

1 24.0 

] 107.5 i 

19.8 

I 34.3 1 

4S.0 

A. G. 

! 2S.9 

j 89.3 1 

16.1 

j 59.2 i 

41.0 

J. L. 

1 24.6 

j 104.9 1 

19.3 

36.4 1 

34.0 


* Represents “nornial” subject. 

(0.15 gm.) of Difco acetone-dehydrated rabbit brain with 2.5 cc. of oxalate-.saline 
mixture, (90 cc. of 0.9 per cent saline solution and 9 cc. of 0.1 M sodium oxalate) 
in a water bath from twelve to fifteen minutes at from 45 to 48 C. The emulsion 
was centrifuged slowly for three minutes to settle the large particles, and then 
decanted through a small piece of cotton. The concentration of calcium chloride 
used to re-calcify the plasma was 0.025 il. 

1. Ten “normal” patients, free from liver disease or blooti dyscrasias, were 
studied. Five of them were men and five were women ; two were negro and eight 
were white. The plasmas were diluted with 0.9 per cent sodium chloride solu- 
tion to provide prothrombin concentrations of 100 , 50, 40, 30, 20 and 10 per 
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cent. Three determinations, by Quick’s method, were perfoi-med at each dilu- 
tion, on each plasma sample. '\^'lien plotted, these values gave the characteristic 
hyperbolic curve. Using the formula, the standard deviation at each dilution 




Fig. 1. Comparison of curves for Prothrombin Time as determined Quick’s and 
Smith’s methods in a patient with postoperative pulmonary embolism who received 
Dicumarol therap 3 ^ 

* Quick’s Method: 13seconds = lOOper cent of prothrombin 

* Smith’s Method : 17 seconds = 100 per cent of normal 


Date 

Amount of Drug Administered 

3-3-46 

200 mg. Dicumarol 

3-4-46 

300 mg. Dicumarol 

3—0—46 

50 mg. Dicumarol 

3-7-46 

5 mg. Vitamin K 

3-9-46 

50 mg. Dicumarol 

3-10-46 

50 mg. Dicumarol 


was calculated for the series (Table 1). This stud^^ shows that the standard 
detdation increases in inverse proportion to the concentration of the plasma, and 
indicates the factor of greater variability at low concentrations. When ac- 
Icnowledging the occurrence of 3 o-„ in 99 per cent of determinations, according to 
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the bell-shaped cuiNe of distributioiij it is seen tliat the deviation mav be signif- 
icant at the lower concentrations of plasma. 

2. A .second stud}- concerned Quick s method using whole plasma and Smitli’s 
'"bedside test” using whole, unoxahated blood. The values for Smitli’s test were 
computed as a percentage of “normal” blood which was tested at the same time: 


Prothrombin time of p atient 
Time of normal 


X iCO = % of normal 


This is the usual calculation employed vitli the bedside and simple tests. For 
Quick’s method, the percentages were computed using liis foinnila. Since our 
100 per cent values averaged to thirteen seconds, a correction for this was made in 
the fonnula: 


% of prothrombin = - 9 

Five patients -with a clinical diagnosis of portal ciiThosi.s were studied (Table 
2). This study shows that considerably higher values are obtained using 
Smitli’s method. This finding is in keeping with the remarks made concerning 
whole-blood methods in the beginning of this paper. 

3. The third study was made in a case involving Dicuraarol therapj’. A 
patient with suspected postoperative pulmonarj- embolism was seen on tlie 
obstetric sendee. She was given Dicumarol, and prothrombin tests were made 
by both Quick’s and Smith’s methods. The usual calculation for each method 
was made and compared (Fig. 1). At a few points in the plotted cuitc, the 
values for Smith’s test followed those for Quick’s method, although they were of 
a higher order; the trends were somewhat similar. 

The Dicumarol was administered with relation to the values obtained by 
Quick’s method, and was safely discontinued in ten days. At no time did the 
patient exhibit any hemorrhagic manifestations. 


SUVOLIRY 

A discussion of prothrombin tests and their values i.s presented. It is suggested 
that whole plasma be used in the performance of the prothrombin test ratlier than 
whole blood or diluted plasma since sources of error caused by dilution of the 
fibrinogen and electrolytes and by masking of the end point by whole blood, are 
ob\-iated. .^Vliquot portions of whole plasma gi\'e a better means of comparison 
without the introduction of extraneous factors. It is also suggested that pro- 
thrombin levels be expressed in teims of per cent of protlirombin, as in Quick’s 
method, rather than in .seconds or in per cent of prothrombin time as determined 
in a “normal” subject. 

Some laboratoiN^ studies are presented with a comparison of findings with 
Smith’s “bedside test” and Quick’s one-stage method. 
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C4EXIT0-UIIINARY INFECTION 
bacteriologic study of OA-E HUA-DRED fifty cases* 

JACK r^IcKAY, :M.T. (A.S.C.P.), CHARLES ERNEST EDWARDS, B.S., 

AN'D HELEN BLAKE LEONARD, M.T. (A.S.CP.) 

From, the Genito-U rinary Clinics of Parkland. Hospital, Dallas, 
and the John Sealy Hospital, Galveston 

The following study is concerned ^nth the isolation and identification of dif- 
ferent species of organisms present in genito-urinary infections. It is presented 
primarily to acquaint workers Y-ith newer methods of culture and identification. 
The list of organisms so recoverable is broader than with earlier technics. To 
our knowledge, the best recent work in the field of genito-urinan,* bacteriology', 
in which modem cultural methods were used, was done by Schulte" and Sand- 
holzer and Scott.® 

In our studies, specimens were taken at cystoscopy by staff members and resi- 
dent phy'sicians. The usual aseptic technic in collection was employed. Urine 
was obtained from the bladder, or the pehns of the kidney as indicated, collected 
in steiile test tubes, provided with stoppei-s and sent to the bacteriology labora- 
tory. The procedure then routinely consisted of centrifuging the specimens, 
staining the sediment and making a culture of the sediment on blood agar, plain 
nuti’ient agar, fluid thioglycollate anaerobic (Brewer’s) medium, and on tryptosc 
phosphate broth containing 0.5 per cent agar. Tlie latter was incubated under 
increased CO> tension. 

In instances in which growth was obtained, individual colonies were subcul- 
tured on Ivligler’s iron agar. Upon obtaining pure cultures on Kligler’s medium, 
the organisms were stained by Gram’s method and subcultures were made on 
tryiitose-starch agar for pigment production, in nutrient broth and in a special 
motility medium. The latter consisted of 0.5 per cent agar in nutrient broth and 
was employed for motiliri* studies. The presence of pleomorphism was noted. 

The organisms were further studied routinely for reactions on the following 
carbohydrates: dextrose, maltose, mannite, .sucrose, lactose, inulin, xylose; and 
on the glucoside, salicin. Reactions in additional carbohydrates and other 
special mediums wei’e employed when necessary for complete identification of the 
organism. The carbohydrates were employed in 1 per cent solution in nutrient 
broth. The tubes contained inner fermentation tubes, which facilitated a high 
degree of accuracy in gauging the production of gas. Phenol red was used as the 
indicator except in certain special mediums. With organisms which produced 
acid and gas in lactose, additional subcultures were made in try*ptophanc broth 
for indol production, and in hlR-'^T (Difco) medium for the methyl-red and 
Yoges-Proskauer tests. Gelatm liquification studies were done routinely on all 
organisms. 

Comparative studies were made with several organisms, using both lead acetate 
agar and Higler’s iron agar for determim'ng hydrogen sulfide production. Fur- 

* Aided by Kass Fellowship Avr.ard, Eniversity of Texas Medical School. Received for 
publication, ^larch 14, 1947. 
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ther comparative studies were made with several species, using indicator agar in 
parallel with the above mentioned indicator broth. Special mediums were em- 
ploj^ed for the Mycobacterium group Avhen clinicall}’- in^cated. These mediums 
were Harold’s and Petragnani’s medium. A comparatively new medium was 
utilized routinely in the last 100 positive cases to determine which organisms pro- 
duced ammonia from urea. This medium (BBL) is easily made up. Its 
sterilization, bj’- autoclaving at eight pounds of pressure for twenty minutes,- 
proved satisfactory while the recommended filtration method is very cumber- 
some. 

All streptococci were cultui'ed in 6.5 per cent sodium chloride solution, in 
trj^ptose broth at both 10 C. and 37 C., at pH of 9.3 and in 0.1 per cent methjdene 
blue-litmus milk. Some strains were checked b}' the Lancefield gi’ouping method. 

After complete identification as to genus and species, the strains were kept in 
stock on Avery’s medium for possible future reference. The organisms were 
classified according to BergejL^ 

The following table gives the number of organisms isolated according to genus: 

TABLE 1 

Organisms Isolated According to Genus 


Staphylococcus 41 

Aerobactor 24 

Escherichia 21 

Streptococcus 21 

Alkaligenes 14 

Eberthella S 

Pseudomonas 7 

Proteus 4 


Salmonella 

Afycobacterium. . 
Corjmebacterium 


Gaffkya 2 

Shigella 1 

(Saccharom 3 ’-ees 1) 


Of the Staphylococcus group, 4 were pigment producers and 37 were not; 5 
were beta-hemolytic and 36 nonhemolytic. Streptococcus pyogenes (Group A 
Lancefield) constituted 2 of the 21 identified and the remaining 19 were Strepto- 
coccus faecalis. 

Notation was made of the “sIoav lactose fermenters”, the so-called “paracolon” 
group of organisms and all those obsert’ed in this study fell into either 
the Escherichia group (6) or the Aerobacter group (5). It is interesting to note 
that all but one of the urea sphtters of the Aerobacter group fall into this classi- 
fication. 

No urea splitting organisms ivere found in genera Eschericliia, Pseudomonas, 
Eberthella, Cor 3 mebacterium and Gaffkj'a. This contrasts ivith Hill’s report 
of finding one strain of Escherichia responsible for sp fitting of urea. Renault^ 
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stated that organisms which do not liquefy gelatine do not break do%m urea. 
"We were unable to substantiate this claim as we have encountered many or- 
ganisms of the genus Aerobacter which did not liquefy gelatine, but which did 
split urea, and man}- gelatine liquefiers in the Staphylococcus group which failed 
to break down urea. 

The following organisms in the series studied were found to split urea in the 
designated number of instances : 


Streptococcus 12 

Staphylococcus 10 

Aerobaetor G 

Proteus ; 4 

Alkaligenes 3 


Tliis constitutes roughly about one-half of the streptococci, one-half of the 
aerobacters, one-third of the staph3'lococci, one-third of the alkaligenes and all 
of the protei organisms tested which were found to be urea splitters, 

SITMUART 

The results of a bacteriologie survey of genito-urinar}- infections are presented. 
A comparative stud}- was made of standard mediums used in modem bacterio- 
logic laboratories for culturing bacteria found in genito-urinaiy infections. It is 
concluded that the best single medium is Brewer’s fluid thioglycollate anaerobic 
medium and that the best combination of mediums is Brewer’s medium and blood 
agar plates. iMost strains for streptococci can be isolated on Brewer’s medium, 
whereas many do not grow on blood agar or other aerobic mediums, although 
they are aerobic or facultative anaembic strains. After initial growth in Brewer’s 
medium, however, these grow readily on blood and other aerobic mediums, a not 
uncommon phenomenon. Brewer’s medium is excellent for the isolation of 
aerobes as well as anaerobes: no organisms were isolated aerobically whiclr did 
not also grow in Brewer’s. 

A study of BBLurea medium was made and it was found that many organisms 
which are not credited -with breaking down urea with formation of ammonia 
readily do. In ^^ew of the urea fermentation theories of Cree'V}'^ and of Chute, - 
this may pro%'e to be of aid in the study of the foimation of renal calculi. 

The solid motilit}' medium was found to be less confusing than the hanging 
ch’op for motility tests, 

Petragnani’s medium for the iSIycobacterium group proved superior in this 
limited series. Broader use in all fields of bacteriolog}-, however, proves that 
vith it profuse growth may be obtained within ten days and all cases studied 
have checked completely vdth guinea pig inoculation. Since it inhibits con- 
taminating organisms, it is a convenient mediiun. for culture of contaminated 
specimens such as sputum. 

Kliglcr’s iron agar proved superior to lead acetate ag.ar in determining hydrogen 
sulfide production. 

Indicator broth was found to be more efficient than the indicator agar in cases 
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where a small amount of gas was produced, due to the difficulty in reading the 
results of gas foi-mation in the agar. 
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LEUKOCYTE COUKTS IX XORMAL WHITE ^YO>IEX 


BEFORE .YXD .iFTER DELI^^ERY* 

LOUISE E. CASON, :M.A., and GRADY W. PHILLIPS, I^I.D. 

From ihc Deparlmcnl of Bacteriology and Clinical Pathology and the Department of 
Biochemistry, Medical College of Alabama, Birmingham, Alabama 

Leukocytosis occurring dining pregnanc\’ and labor may require evaluation in 
attempting to ascertain the possibility of a concurrent acute infection. One of 
us saw a patient in the first stage of labor, in whom the diagnosis of an acute 
surgical condition of the abdomen was made. A blood count at this time was 
difficult to interpret. 

Despite frequent references in the literature to physiologic leukocytosis of 
pregnane}', there is considerable variation in tlie values reported. The leu- 
koc 3 'te count during early labor ranges from an average of 7100 white blood cells 
per cu . mm., as reported by Boyd, Blenkinsop and Alylks,- to an average of 18,255 
cells per cu . mm. as recorded b}* Baer.^ Wolff in a study of the leukocyte counts 
of 50 normal pregnant women, reported an average of 11,456 cells per cu. mm. 
dining labor, when the pains occurred ever}' five minutes and lasted from thirty 
to seventy seconds, and an average count of 15,150 white blood cells per cu. mm. 
at the onset of the second stage of labor. Carey and Litzenberg^ found that 
during pregnancy counts rarely exceeded 1 2,500 cells per cu. mm. They reported 
no uniform rise in the ninth month, maintaining that in some patients the leu- 
kocyte counts remained consistently low, and in others, consistently high 
throughout the nine months. 

Baer,^ who reported an average leukocytosis of 18,255 duiing labor, stated that 
the Ameth’s index showed a displacement to the left. In DeLec's textbook. The 
Principles of Obstetrics, reference is made to an increase in the white blood cell 
count during pregnancy with an increa.se in the younger cells so that the blood 
picture resembles that in an acute infection. He}'n’ reported two leukoc.N'te 
coimts that were made two minutes and thirty minutes, rcspectii'cly, before 
deliver}’. His findings are presented in Table 1. 

In order to facilitate the inteipretation of the leukocyte count in labor, a 
series of total and differential counts of the white blood cells was studied in nor- 
mal pregnancies. Patients in the Druid City Hospital, Tuscalccsa. Alabama, 
were observed over a period of four months, from X'ovember 1641 to Febniar}- 
1942, inclusive. 

METHODS 

The following rules were adopted for selecting the subjects. 

1. There shall be no abnormal physical findings, such as fever, heart murmurs, 
ankle edema, albuminuria, or abnormal blood pressure (normal values, systolic 
130-100, diastolic S0-G5). 

* Received for publication, March 17, 1917. 
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2. The onset of labor must be spontaneous and the duration of labor shall not 
exceed thh-ty-six hours. 

3. The gestational period shall not be less than two hundred and twenty da 3 's 
after the beginning of the last menstnial period. 

4. There shall be no histoiy of complications during prcAaous pregnancies or 
of comphcations during the present gestation. 

5. The leukocjde count shall not exceed 35,000 and the erytlnocj'te count 
must be at least 3,000,000 per cu. ram., •with at least 60 per cent or 10.2 gm. 
hemoglobin (100 per cent equaling 17 gm.). 

6. The amount of bleeding in the third stage of labor shall not exceed 600 cc. 

In accordance with the above rules, 57 white patients were chosen, ranging in 

age from 17 to 42 3 ’-ears. Nmeteen of the 57 patients were primigiavidas, 21 had 
each delivered one child, 6 had each delivered two, 6 had each deUvered three, 
and 5 had each delivered four or more normal offspring. 


TABLE 1 

Leukocyte Couxts ix 22 Pregx^vxt Womex, ix^ Reeatiox to Tijie of Delia-ery', 

Accordixg to Heyx* 


1 

i 

CASE 

TIME BEFORE DEHVERA" j 

LEUKOCYTE COUN'T 

PERCENTAGE OF UIllATCRE 
CELLS AMONG TOTAL 
NUMBER OF NEUTROPHILIC 
LEUKOCYTES 

1 

30 minutes 

18,000 

27.4 

2 

2 minutes 

18,200 

32.4 

AA'erage of 20 cases 

During labor 

j 15,635 1 

23.0 


At each patient’s bedside, blood obtained from a finger puncture was smeared 
on two clean new glass slides. At the same time, blood was obtained for leu- 
1 ^ 003^0 counts and the hemoglobin was estimated b 3 ^ the Sahli teclmic. The 
time of obtaining the blood samples was recorded in each instance. 

The blood counts were made in the usual manner. The smears were allowed 
to diy in an and Avere then stained AAith Wright’s stain. A minimum of 300 
white blood cells AA’as counted and the cell percentages calculated and recorded ac- 
cording to the Schilling hemogram. The pi-oportion of immature cells to the total 
number of neutrophilic leukoc 3 des AA'as calculated for each hemogram to furnish 
an index of the so-called “shift to the left”. 

FINDINGS 

Counts AA’ere made in a series of 28 patients before deliA’'er 3 ’- and in a series of 
29 patients after deliveiy. In Table 2, the findings are arranged in order of tlie 
interAml of time before or after deliA''er3'' at which blood AA’as taken. 

Before Delivery 

These patients AA^ere arbitrarity divided into two groups: (1) those from AA’hom 
blood AA'as taken betAA'een 0.25 and 9 hours before deliver3’- (average 3.4 hours) 
and (2) those from AA’hom blood AA-as taken betAveen 10.75 and 237 hours before 
deliA^er3'^ (aA'erage 44.2 hours). 











TABLE 2 

Blood Col-xts Arkaxged Accordixg to Ixterval Before DELl^'ERy 
(2S Patiexts) or After Deuvery f29 Patients) 


EEIOEE DELn-EEV | ArXEE DELIVEEY 


Time before Deli 

vcrj- 

i 


Per Cent of j 

Time after DcHver:.- 

1 


Per Cent of 



r 


Immature | 
Forms amonir i 
Toul Number ‘ 
of Ncutropbilic: 



‘ 

Total ; 
Lcukocj-tc j 
Count j 

Immature 
Forms amonu 
Total Number 
of Ntutrophilic 

Hours 

1 

f 

^ \ lotsi 

3 iLeukocj-te i 
S ! Count 

Hours 

i 

^ 1 


i 

; 


Leukocj-tes • 



, 

! 

Leukocytes 


j 

15: 

18,350 

28.8 i 


1 i 

5 

24,500 ; 

23.1 


i 

47i 

17,900 ' 

33.8 '■ 


1 

10. 

10.650 . 

38.3 


1 

i 

9,500 

22.2 1 


1 . 

35! 

18.600 1 

26.0 


1 1 

i 

12,950 

14.5 i 


2 ; 

10^ 

21,700 ^ 

20.9 


1 5 

5; 

10,350 

24.6 i 


2 ; 

30 

34,400 ■ 

47.4 


1 i 

15 

17,500 

25.7 i 


2 ! 

40! 

21 .650 : 

34.2 


1 i 

3o; 

16,750 

26.9 S 


2 !■ 

4o; 

20.050 : 

.39.8 


1 ; 

35- 

19,750 

25.0 j 


2 i 

45 

17,350 

13.6 


2 • 

25 

16,950 

13.2 ! 


2 1 

55 

23.000 

50. S 


2 

3o; 

13,400 

26.0 ; 


3 : 

1 

21,500 

30.7 


2 

40‘ 

10,000 

19.5 ■; 


3 , 

15 

11.000 ; 

23.8 


2 

40. 

12.900 

12.5 j 


3 

25! 

18,850 : 

33.4 


2 

oo: 

10.700 

26.8 ! 


3 

43 

9.750 > 

12.2 


4 


13.000 

29.2 i 


4 

25' 

1 5 . 650 

28.9 


4 

20 

9.100 

7.8 :• 


5 


21,450 

18.8 


4 

47; 

16.550 

35.5 ! 


5 ? 

35' 

23.8.50 

24.2 


7 

30 

10.850 

28.3 i 


o 

50 

12,450 . 

.30.6 


7 

35 

14,600 

36.2 i 


6 

55 

12,700 . 

25.2 


S 30 

8.750 

32.1 i 


8 

8 

15,200 ; 

39.4 


9 

■ 

15,000 

30.2 ; 


8 

15: 

10.000 

46.8 

Average count, 




i 


8 : 


16,8.50 : 

28. 9 

20 patients, 




'* 


8 

OO, 

10,600 

IS. 7 

less than 10 
hours before 





Average 

9 ! 

o' 

21.. 300 ' 

25.8 

deliver}' 

3 

24 

13,742 

24.9 i 

1 

1 

count, 23 
patients, 

• 

1 




10 

42 

14,250 

11.3 i 

less than 10 

j 

i 




13 


11.000 

13.8 1 

hours after 


i 




13 


8,000 

8.4 ! 

deliver}'... . 

■i ! 

30, 

17,960 : 

29.7 


13 

40 

13.000 

17.7 i 


i 

1 

i 



13 

50 

9.850 

17.6 1 


H i 

40, 

12,300 ! 

12.8 


15 

45 

12,000 

8.8 i 


13 s 


14.550 ; 

10.2 


42 

35'. S.800 

12.6 1 


13 

lo; 

16.050 i 

20.8 

237 


7,500 

ii.i 1 


14 S 

2S 

8.1.50 ; 

20.8 





\ 


16 i 

i 

6,800 ; 

12.1 





i 


39 

lo; 

17.500 : 

32.2 

Average count. 




i 

Average 

i 

t 

1 


S patients, 




1 

1 




more than 10 




1 

count, 6 

' 


: 


hours before 





patients. 

J 

{ 

, 


delivcrv' 

44 

54 

10,275 

12.6 ; 

more than 
10 hours 



' 


Average count, 
2S patients. 




\ 

i 

after de- 
livert' 

17 

f 

54 

12. .560 ! 

IS.O 

before de- 




i 






livery 

15 

12 

12,858 

21.4 : 

.-Vverage 








! 

count, 29 









! 

i 

patients, 
after do- 

: 








- 

livery' 


12 

16.840 

27.2 
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There were 20 patients in the first group and 8 patients in the second group. 
The shift to the left in the patients from whom blood was taken up to, and includ- 
ing, the nine hour period before deliveiy was more marked than in those sub- 
jects from whom blood was taken more than nine hours before deliveiy. 

The leukocyte count in the fii’st gi-oup showed an average of 13,742 cells per 
cu. mm. (ranging from 8750 to 19,750) with an average shift to the left of 24.9 
per cent of neutropliilic leukocytes (ranging from 7.8 per cent to 35.5 per cent). 
The second group had an average leukocyte count of 10,275 (ranging from 7500 
to 14,250) vith an average shift to the left of 12.6 per cent (ranging from 8.4 
per cent to 17.7 per cent). The average count of the entire series of 28 patients 
Avas 12,858 per cu. mm., and the average shift to the left was 21.4 per cent. The 
aA'^erage time of taking the smear before delivery AA^as 15.2 hours. 

There appeared to be a sudden increase in the "shift to the left” about ten 
hours before deliA’^eiy. Prior to tliis ten hour period, the shift had been onl}’’ 
slightlj’’ aboA’^e the so-called normal shift of ten per cent. 

After Delivery 

These patients AA’ere arbitrarity divided into tAA'O groups: (1) those from AA'hom 
, blood AA’as taken betAA-een 1 and 9.1 hours after deliA^erA’^ (average 4.5 hours), and 
(2) those from whom blood Avas taken betAA’een 11.6 and 39.1 hours after deliA^erj’’ 
(average 17.9 hours). 

There AA’ere 23 patients in the first group and 6 patients in the second group. 
Study of Table 2 indicates that in the period up to 9.1 hours folloAAnng deliA’^erj'’, 
the shift to the left AA'as greater than that occurring in the period bet\A-een 11.6 
and 39.1 hours folio AA-ing delwerJ^ 

The leukocjde count in the first group shoAved an average of 17,960 (ranging 
from 9750 to 34,400) AAith an aA^erage shift to the left of 29.7 per cent (ranging 
from 12.2 per cent to 50.9 per cent). The average count in the second group AA'as 
12,560 AA'hite blood cells (ranging from 6800 to 21,300) and the aA'-erage shift to 
the left AA'as 18.0 per cent (ranging from 10.1 per cent to 32.3 per cent). In the 
entire series of 29 patients, the average leukocyte count Avas 16,840 AAith an aA^er- 
age shift to the left of 27.2 per cent of total neutrophilic leukocytes. The aA'-er- 
age time of obtaining the smear after deliA^erj’- was 7.2 hours. 

SUMJLAKT 

Scliilfing hemograms and total white blood cell counts AA’^ere made on 57 normal 
AA'hite pregnant women; 28 prior to deliA^eiy and 29 folloAAing delivery. 

The degree of "shift to the left” AA’-as indicated by deteimining the percentage 
of immature forms among the total number of neutrophilic leukocytes. 

In bloods obtained from patients more than ten hours before delh^ery, the 
aA'erage shift to the left AA'as 12.6 per cent and the aA'-erage leukocyte count AA'as 
10,275 AA'hite blood cells per cu. mm. In patients whose blood was obtained 
less than ten hours before deliverj', the average shift to the left was 24.9 per cent 
and the average leukocAde count was 13,742 AA'hite blood cells per cu. mm. In 
patients whose blood AA'as obtained less than ten hours after deliA'erj', the aA^erage 
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shift to the left was 29.7 per cent and the average leukocyte count was 17,9G0 
per cu. mm. Thereafter there was a tendenej' for the count to shift to the right. 

These studies seem to indicate that the “shift to the left” and the total leuko- 
C 3 do coimt increase remarkabl 3 ’' about ten hours before deliver^', continue for 
approximated ten hours after delb'eix* and then graduald subside. 
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CLIKICOPATHOLOGTC CONFERENCE^' 

P. S. ANDRESON, M.D., axd C. A. HELLWIG, jM.D. 

From the St. Francis Hospital, Wichita, Kansas 

Clinical daia. During the last part of her pregnancy, a 36 year old white fe- 
male gained 32 pounds in weight and her blood pressure rose to 185 mm. systolic 
and 110 diastolic. There was edema of the face and lower extremities and al- 
buminuria. After five days of bed rest, milk diet and mild sedation, the patient’s 
blood pressure decreased to 145 mm. sj'stolic and 80 mm. diastolic. The edema 
subsided somewhat and there was improvement in her general condition. 

Two weeks prior to the expected term of pregnancy, the patient fainted. Soon 
afterwards, she noticed a bloody vaginal discharge and absence of fetal move- 
ments. Upon admission to the hospital on the following morning, physical ex- 
amination revealed a blood pressure of 160 over 100 mm. and moderate edema 
of the loAver extremities. No fetal heart tones could be heard. The cervix was 
firm and thick and blood was oozing from the cer\dcal os. 

The patient complained of constant pain in the back, lower abdomen and legs. 
She rapidly became weaker and her pulse became thready. The clinical diagno- 
sis Avas premature separation of the placenta complicating preeclampsia. It AA-as 
decided to give her a transfusion of 500 cc. of plasma and to defiA'er her 
by cesarian section . The patient Avas Rh-positive . At operation , the uterus AA'as 
dark greenish broAA-n, the placenta Avas completelj’^ detached and black blood clots 
AA'ere found at the utero-placental site. Through a Ioav transverse incision, a 
female stillborn infant was delwered and the old blood clots AA'ere remoA'ed. 

FoUoAving a transfusion of 500 cc. of AA-hole blood, the patient’s condition im- 
proved slightlj’’ and the blood pressure rose to 210 mm. over 160 mm. Five hours 
after operation, a profuse uterine hemorrhage occurred and a uterine pack AA^as 
inserted. Ergotrate gwen intraA^enousty had httle effect and the uterus did not 
contract. During the folloAving day, the edema increased graduallj’’ and the 
blood pressure A'^aried betAA'een 200 and 150 mm. systolic. During nine days fol- 
io A\ing operation, the patient voided a total of onty 600 cc. of urine. To combat 
shock, 2500 cc. of AA'hole blood AA'as given and, in an effort to establish renal func- 
tion, ammonium chloride AA'as administered. The general condition of the pa- 
tient, hoAA'eA’-er, gradually greAv AA'orse. On the eighth and ninth postoperative 
days, the patient had as manj’- as fiA’^e conAuilsions a day AA'ith tAAitching of the 
extremities in the intei'vals betAA'een conAOilsions. During the last three days 
before death, the patient talked incoherent^ and AA'as conscious only for brief 
periods. On the ninth day after operation, death occurred in uremic coma. 

Laboratory data. The urine obtained daily by catheter showed albumin (2 or 
3 plus), red and AA'hite blood cells and a feAV hyaline and gi-anular casts. The 
ei-jdhrocyte count after operation A’^aried between 2.5 and 3 million and the leu- 
kocyte count betAA'een 16,500 and 18,000, Avith 80 per cent gramdocytes. On the 

* Received for publication, March 4, 1947. 
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third postoperative day, chemical examination of the blood revealed 111 mg. of 
nonprotein nitrogen. The liighest value’ of nonprotein nitrogen was 162 mg. 
Blood uric acid varied between 7 and 8 mg., while creatinine values were 7.3 mg. 
on the thnd postoperative day and 9.6 mg. on the last day. 

CLINICAL DISCUSSION 

Dr. P. S. Amlreson . ‘"The real problem in this case is to determine the nature 
of the renal failure, which became manifest after the traumatic separation of the 
placenta, and terminated in uremic death ten days later. BTiile the patient was 
preeclamptic, her death was certainh' not due to eclampsia. In eclampsia, the 
nonprotein nitrogen of the blood, especialh^ creatinine, never reaches such high 
values as in this patient. It also seems unlikely that the multiple blood trans- 
fusions had an^hhing to do ndth the fatal outcome. Xo transfusion reactions 
were observed; there was no hemoglobinemia and the patient was Rh-positive, 
which excludes isoagglutination b\' Rh antibodies. Infection can be niled out 
as an etiologic factor in this obstetric comphcation, because neither local nor 
general s>Tnptoms of a pueiperal infection were present. 

“The clmical picture of fulminating renal insufficiency reminds one of a condi- 
tion which iMcKeh'ei* and rvIacjNIahon® described in 1935. They obsen-ed renal 
failure during or immediately following pregnancy with fatal outcome in a few 
days. At autops 3 % all their cases presented renal lesions characteristic of malig- 
nant nephi'csclercsis. IMcKelvej' and iSIacAIahcn pointed out that in ah their 
cases 1137)61460 sion existed several years before the last pregnancy. Our patient, 
on the other hand, had a noirnal blcod pressure dining the greater part of her 
pregnanc 3 \ Tlierefore, it is unhkeb* that malignant In-pertension was an un- 
derling disease in this patient. 

“During the bombing of London, Briti,sh pathologists described renal failure 
occurring after ciushing injuries. Tlie3’ called this the anuric crush S3'ndrome. 
Autop.S 3 ' studies of the kidne3'S of these victims revealed necrosis of the tubular 
epithelium with blood pigment casts in the lumens of the lower nephrons. In 
1942, James Young'- reported simOar uiinaiy suppression seen in two t 3 -pes of 
obstetric conditions, retroplacental hemoirhage and trauma of labor. The 
S3Tidrome included: (1) initial tissue damage, (2) shock, (3) urinar 3 * suppression 
leading to oliguria or anuria and (4) a lise in blood urea which reached its height 
between the fifth and ninth daix 

“From the etiologic and clinical standpoint, I am veiy much in favor of a diag- 
nosis of anuric crush s 3 Tidrome, since our case seems to present the four criteria 
given by Young.” 

PATHOLOGIC REPORT 

Autopsy findings. The weight of the liver was 2250 gm. Its surface had a 
mottled brownish gra 3 ' color. Xeither gross nor microscopic eridence of focal 
hemonhagic necrosis was present. The kidne 3 -s were enlarged and weighed 250 
and 320 gm. (total 570 gm.). The capsule of each stripped easih' and exposed a 
smooth surface. Diy, 3 'ellow, putty-like, triangular areas were found throughout 
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the cortex and alternated with normal appearing tissue. These yellow infarcts, 
measuring between 1 and 4 mm,, weib bordered by serrated, dark hemorrhagic 
zones and often extended to the capsule. The medullaiy tissue appeared nor- 
mal. No gross evidence of occlusion was found in the renal arteries. The utenis 
was not involuted and measured 10 by 12 cm. In the lower segment, there was a 
transverse sutured wound measuring 4.5 cm. in length. The uterine wall was 
soft and its internal ragged surface was covered with dark blood clots. There 
was no thrombosis of the uterine or pehdc vessels. 

Microscopic examination of the kidneys showed triangular necrotic areas with 
narrow peripheral zones of hemorrhagic mfarction. In the necrotic areas, the 
glomerali and tubules Avere complete^ necrotic. Onlj’ a few cells of the inter- 
stitial tissue retained the nuclear stam. In the hemorrhagic areas, the glomeruli 
were engorged and the intralobular arteries and veins were markedl}' dilated. 
There was diffuse hemorrhage in the intei’stitial tissue. In the normal tissue 
between the infarcts, the tubules Avere dilated and the epithelium AA'as Ioaa', but 
normall 3 '- stained. The most striking alterations AA'ere evident in the small ar- 
teries of the necrotic foci. Them AA'alls were SAA’ollen and succulent. Tlie cells 
composing them AA'ere smudg3’’ or disintegrated, and separated one from another 
b 3 ’’ eosinophilic material. In man 3 '' arteries the indiAudual cells AA'ere fused into a 
bright red mass containing fibrin. 

The A'ascular damage inA^oh^ed the intralobular arteries, but e.xtended into the 
afferent arterioles and sometimes into the hilus of a glomerular tuft. Some A’’es- 
sels Avere filled Avith masses of packed red blood cells Avithout fibrin formation; 
others contained amorphous hyaline material. The medulla showed moderate 
congestion of blood A'essels but no evidence of tissue necrosis. 

CLIXICOP.A.THOLOGIC CORRELATIOX 

Dr. C. A . Hellwig. “Dr. Andieson correctl 3 ’- i-uled out eclampsia as the cause of 
this fatal obstetric complication. The liA'^er did not present focal hemorrhagic 
necrosis and the kidne3’S were AA'ithout glomerular changes t3'pical of eclampsia. 
There AA-as no suggestion, from the autops 3 ’^ findings, that bacterial infection of 
the uterus or transfusion reaction pla 3 ’-ed a role in the disease process. 

“T^Tiile the etiolcgic and clinical features of our case point toAvard Dr. Andi’e- 
son’s diagnosis of anuric crash S3mdrome, the autops3’’ findings leaA'e no doubt 
that there AA'as no primar3' tubular necrosis. The primar3^ eA-ent in our case AA'as 
necrosis of the intralobular arteries, AA'ith or Avithout thrombosis. This led to an 
ischemic necrosis of the renal parench 3 ’^ma supplied b 3 '^ these arteries. Vascular 
occlusion must haA'e become effectNe almost simultaneous^ in all parts of the 
cortex in both kidne 3 "s because the areas of necrosis all appeared to be about the 
same age, 

“Bilateral cortical necrosis is a rare disease and is not in A'ariabh' associated AA'ith 
pregnanc 3 ' or preeclampsia, as suggested b 3 '’ Bell,^ AA'ho described this condition 
under toxemias of pregnanc 3 ^ Of the 71 cases collected from the literature b 3 ' 
Duff and Mere,- 23 occurred in males or nonpregnant females. In the remainder 
of this group, censisting of 48 pregnant AA'cmen, cesarian section AA'as performed in 





Fig. 2. Microscopic picture of cortex. The infarct does not reach the surface. 
Fig. 3_. Necrotic glomerulus and tubules. Collecting tube in upper left portion 
of field is well preserved. 

Fig. 4. Thrombonecrosis of intralobular artery. 

Fig. 5. Cortical area between infarcts. 
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4 cases, prematiire separation of the placenta occurred in 21 cases and, in 8 others, 
preeclamptic svonptoms were noted. Among these 48 pregnant women, con- 
vulsions were reported in 12 instances before the beginning of anuria, while head- 
aches and disturbances of \Tsion, or both, were mentioned in one-half of the pa- 
tients. 

“Tlie etiologj' of bilateral cortical necrosis Ls unknown. Most authors consider 
that a texic substance is the underlying cause. It is not known whether this 
h3T30thetieal agent is exogenous or endogenous, or whether it acts directh' on the 
arterial walls of the renal arteries or b 3 ’' causing intense nervous stimulation. 

“The rapid onset and fulminating course of renal cortical necrosis, as weU as the 
anatomic pictm-e of ischemic and hemorrhagic necrosis, has much in common 
vath Shwartzman’s phenomenon. The sensitization of the arterial walls of the 
renal cortex and the provocation of a severe spasm of these vessels could well 
explain the sequence of events in our case.” 
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The Cojiflexities of the Rh Problem: 

Some Suggestions for Clarification 

The importance of the Rh problem to the average clinical pathologist is of 
such magnitude as to demand an understanding of its manj'- complexities. The 
new knowledge in this field is significant not onl3’^ to other branches of medicine 
dealing vdth transfusion or child birth, but also to the fields of immunolog}’’, 
hematolog3% genetics and phj'sicochemisti^’-. It is unfortunate that, for a 
second time, since blood t3’^pes were discovered in 1900 , the nomenclature of 
blood factors has been confused by multiple S3'stems of terminolog3'. More- 
over, the stud3’' of the Rh antibodies has entailed the presentation of data which 
have not been complete^ compatible with previousl3’’ conceived theories of the 
nature of antigen-antibod3'- reactions. 

Numerous ingenious technics differing from the classic methods have been 
evolved for the detection of isoimmunization. As a result, the different speci- 
ficities of antibodies found in serums of isoimmunized persons, since the original 
report of Le\Tne and Stetson,’® have been scarcety simple to follow or eas3' to 
comprehend. The naming of this human antigen as the Rh factor because of 
its resemblance to a similar, but not identical one, discovered in the rhesus 
monke3'' b3’’ Landsteiner and Wiener® was, in itself, a confusing element. 

Tlie accumulation of data since 1939 has developed the problem to such a 
reasonable degree of maturit3^ as to allow an appraisal of the knowledge and 
theoretic aspects at this time. To be sure, certain facets are still rough, but 
an evaluation of the practical nature of postulated theories and explanations, 
workable for the average clinical pathologist, appears necessaiy. 

The human antigen, now called Rh, was first reported but not named in 
1939 .’® A “dominant propert3’-” in the fetus inherited from the father and 
responsible for isoimmunization of the mother was postulated. The specificit3’' 
of this seiTim deteimined on 104 bloods was 80 per cent. Later, it was realized 
that the human antigen determined b3’' the anti-rhesus serum of Landsteiner 
and Wiener and called the Rh factor was identical with that responsible for the 
isoimmunization in the case reported b3'' Levine and Stetson. The conclusion 
that this agglutinogen was inherited as a simple INIendelian dominant was 
supported b3' the famity studies made b3’' Landsteiner and Wiener.’® It should 
be noted in passing, however, that had Levine’s anti-Hr’‘* serum been discovered 
first, a similar theoiw of inheritance of a dominant factor (Hr) could have been 
proposed equall3’- well. Such a theor3q however, would have required dia- 
metricall3’ opposed conclusions vith the recessive character now becoming 
dominant and the previoush’’ dominant character becoming recessive. The sub- 
sequent discover3’’ of man3' Rh antibodies of different specificities has strongL 
suggested that all Rh antigens ma3’^ be determined directly by the use of the 
appropriate antiserum. According^, in the light of present knowledge, it seems 
best to, abandon all concepts of dominance of Rh genes, whether relative or ab- 
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solute, and simply consider all Rli tj^jes as determined by allelomorphic genes 
-ft-itbout donunance. 

The understanding of the Rh problem, to those who attempted to follow it, 
seemed beset with difficulties from the verj' start. For example, it was only 
shortly after the antibodies having different specificities were first recognized and 
named that new data required a complete change in their designation. In the 
naming of Rh genes and antigens and in the formation of subtype classifications, 
new designations appeared at frequent inter\^als with the purpose of explaining 
new data or in an effort to simplify' and clarif}' the known facts. That these 
efforts were not entirely successful can be seen from examination of Table 1, par- 
ticularb'^ if the reader has attempted to solve clinical and laboratory problems 
encountered in cases of isoimmunization with the aid of such designations and 
classifications. 

In Table 1, the classification of IMurra}'^' represents an ingenious attempt to 


T.yBLE 1 

Classificatioxs of Rh Types 
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* .Adopted from Race and Taylor. 


designate all Rh-Hr antigens in a purely descriptive manner by noting their 
reactions to the different Rh antiseioms as required b}* Fisher’s theory. Sny- 
der’s- classification, on the other hand, appears to be a simplification in the 
method of designation according to "Wiener’s classification to conform with usual 
genetic practice. With the exception of the brief and incomplete initial classi- 
fication of Wiener and Landsteiner,^ the remaining classifications are these of 
Wiener.-" . =5, 27, cs "phese classifications indicate a remarkable effort to systema- 
tize the known facts of the reactions of the Rh antigens into schemes comparable 
to the four blood groups of Landsteiner. Accordingh*, the four groups were 
designated Wb IT, Y, U\', as determined bj' two serums (anti-Rh' and anti-Rh"). 
Further characterization into eight subgroups became apparent through the use 
of an additional serum (anti-Rho). In the three latest classifications cf Wiener, 
these same eight subtA-pes are continued nith slight changes in the symbols desig- 
nating the individual tApjes. Furthermore, information obtained from extensive 
family studies was utilized in the integration of gene designation and the theorj’ 
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of inheritance. Tliis theory postulated inheritance according to Mendelian 
dominance of six allelic genes, presumabty occurring at one locus in each chromo- 
some. One gene was considered dominant to another . 2 ® For example, the gene 
Rhi was dominant over Rh 2 and rh, and Rho was dominant over rh. 

One of the most confusing difficulties encountered by many who attempted to 
use or teach this theoiy and classification was its failure to explain the significance 
of the antigen determined by Levine’s anti-Hr serum. Levine*^ designated this 
antiseiTim Hr because of an apparent reciprocal or antithetical relationship be- 
tween the antigen which it identified and the then designated Rh antigen. This 
relationship Avas not clear until Levine recognized that the Hr and Rh' antigens 
seemed to be related in the same manner that the M and N blood antigens were 
related.^^’ 


C OR Xi 
D OR cl 

E OR e 


Fig. 1. Chromosojie Map Showing Possible Location of CDE-cde Genes 


cde/cde 

CDe/CDe 
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11.2% 

2.0% 

3 antigens 

3 antigens 

5 antigens 

5 antigens 

6 antigens 


In England, Race and Taj^or^® had noted that their St senim (subsequently 
designated anti-c) could be used to determine whether an individual AA'as homo- 
ZA’-gous (RhRli of that time) or heterozygous (Rhrh) by negative or positive re- 
actions, respectivelj’’. This seium has been sIioato to be identical to Levine’s anti- 
Hi-, although there AA'as an apparent initial discrepancj’- in specificit}’- as compared 
to Levine’s original serum. Later Avhen the serum vfith a 70 per cent specificity 
(now termed anti-C or anti-Rh') was used, the antithetical relationship of Rh' and 
Hr shown bj^ Levine was discovered indepen den tlj’- bj’’ Race, Tajdor, Cappell and 
hlcFarlane.®^ On this basis, Fisher^ assumed that these two antigens ivere deter- 
mined bj’’ Wo allelomorphic genes at one locus {i.e., either gene present at this 
point in one chromosome). But, a lack of a similar relationship of the other Rh 
antigens to each other or to the then knovTi Hr antigen indicated the possibility 
of two additional loci on the same chromosome. The arrangement proposed bj’’ 
Fisher® is sIioato in Fig. 1. Three points on the cln-omosome, named C, D and E, 
represent the separate but closely placed locations of genes determining the Rh 
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antigens. The alternative (allelomorphic) gene possible at each locus is desig- 
nated c, d or e (determining the three Hr antigens). Thus, the place of the orig- 
inal Hr factor (Hr' or c), as veil as the more recently discovered anti-d (Hro)- and 
anti-e (Ht")’® become completely clarified. As a matter of fact, this theorj’- pre- 
dicted the existence of these additional antigens and antiserums and thus made^ 
their discover^" easier. 

Figure 2 shovs some ty^pical chi-omosome pairs vith the arrangement of the 
genes deter minin g the CDE (Rh) antigens. It vill be seen that the number of 
antigens may varj’- from a minimum of three, vhen homozygous at all three loci, 
to a maximum of six, when heteroz 5 'gous at all loci. 

Examination of possible arrangements of genes in chromosome pairs according 
to this theorj’’ quickl 3 ’’ reveals fascinating possibilities for the clinical pathologist 
in the studj’^ of specific problems. Hovever, in order to estimate the actual CDE 
gene arrangements (genotype) in a patient without making family genetic studies, 
it is necessarj^ to have an idea of the incidence of a few' of the most common CDE 
chromosomes. For example, a patient vhose erj'throcj'tes contain the C, D and 



Fig. 2. Typical Chromosome Pairs Determixixg Rh Axtigexs (Gexottpes) 

E antigens as deteimined b\' the corresponding three antiserums, probabh’ has 
the clu'omosomes CDe/cDE because the incidence of the chromosome CDE (E^) 
is onto .13 per cent compared w ith an incidence for CDe of 43.6 per cent and for 
cDE of 12.8 per cent. Even w ith six antiserums C, D, E, c, d, e it would still be 
necessarj' to use chromosom-e frequencies to estimate genotypes since each in- 
dividual has a total of six genes on two chromosomes. Fortunatety, the odds for 
a coiTect assumption are veiw' good when this method is used in connection with 
the four antiserums C, D, E and c now available for clinical use. Table 2 
shows the possible chromosome arrangements under the Fisher-Race theoiw' and 
their incidence. From this table it may be noted that, in practice, it is onto 
necessary' to know that the three chromosomes listed to the left of the double line 
are the common ones. In am' usual situation where alternative chromosomes 
are possible to ex'plain the antigens determined, the odds are better than 12 to 1 
in favor of the three common chromosomes over the rarer ones. 

Beai-ing in mind the well known inmuinologic principle that an individual can 
be immunized onty against antigens he does not normalty possess, it is perfecth* 
simple to visualize am' CDE-cde (Rh-Hr) incompatibilitY', or isoimmunization 
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problem due to pregnanc 5 ^ For example, a patient ^Yas recently admitted to 
Baylor Hospital for treatment of a hemolytic transfusion reaction caused bj' ad- 
ministration of 380 cc. of husband’s blood for hemorrhagic shock following 
delivery of a slightly icteric infant. Owing to continued hemorrhage as well as 
the hemolytic reaction, the patient was in desperate need of compatible blood. 
Both husband and wife had been typed Bh-positive elsew'here. A retj^ing with 
anti-C, D, E, c and e senims showed the following: 



ANTISERmi 

ANTICIPATED 

GENOTYPE 

c 

c 

D 

E 

e 

Mrs. A 

— 

+ 

— 

— 

+ 

cde/cde 

Mr. A 

4" 

+ 

+ 

+ 

+ 

CDe/cDE 

Infant A 

— 

+ 

+ 

+ 

-h 

cde/cDE 


The genotype of the mother w'as obviously cde/cde (Rh-negative), wMe the 
husband’s genotype, anticipated to be CDe/cDE, was shown to be correct when 
the infant’s blood examined later w'as found to be cDE/cde. From this, it is 
apparent that the mother could have been immimized against D or E, or both, 
by the infant and by C, D or E from the husband’s blood. The anti- 
bodies present were anti-D with development later of anti-C as a result of the 


TABLE 2 

Fkequexcv of Gene Arrangements on Chromosomes and Incidence (According to 

Fisher’s Theory) 
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Anti-D 

+ 

— 

+ 

+ 

— 

— 
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30 

Anti-E 

— 

— 

+ 

— 

4" 

— 

+ 


SO 

Anti-c 

— 

i- 

+ 

+ 

+ 
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65 

Anti-d 

— 

+ 

— 

— 

+ 

+ 



96 

Anti-e 

+ 

-1- 

— 

+ 

— 

+ 




* Calculated by Race, 0.13 per cent. 
** Predicted. 


transfusion. The infant’s red cells contained only D and E antigens to the three 
standard serums and were strongl}’^ positive to anti-c serum. Note that the hus- 
band’s genotj^e, CDe/cDE, hating genes CD on one chromosome and DE on the 
other has the clinical significance that any future pregnancj’- would result in an 
eiythroblastotic infant. 

In another case to be reported in detail elsewhere,® we were presented with 
the problem of supplting blood for an urgently needed transfusion in a pregnant 
woman in another state who had had a hemolytic reaction to transfused blood 
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from a donor, not her husband. One child was hving and one premature infant 
had died. Several transfusions had been given prior to the reaction. The 
mother was type A, with anticipated genot 5 'pe CDe/CDe by use of anti-C, D, E 
and c serums. The father was expected to be CDe/cde and the living child CDe/ 
cde. The patient had received transfusions of blood of probable genotA'pes 
CDe/cDE, cDE/cDE, cDE/cde in the order listed. Note that the rare anti-e 
serum of !Mourant was not actually' necessarj' in the management of this case, 
although it was essential to complete the genotyping of the second (cDE/cDE) 
and third (cDE/cde) bloods of the series given. An antibodj' demonstrable only 
with the developing test or Diamond’s albumin method was too weak for accurate 
determination of specificiU' but appeared to be anti-c or d. From the estimated 
genotj'pes, it is perfecth* ob^nous that the patient might have been immunized 
by e, d or E. For this reason it was decided to give only blood negative for these 
antigens, that is, identical to that of the patient. In choosing such bloods of 
identical genot^Tje it was necessary' to use the method of predicting probable 


TABLE 3 

Estimated Gexottpes 
(Rare n-pes omitted) 


j HETEEOZVCOTE 

HimrzOZYGOXE 

Delennined bv anti-C, D and E | 

Determined by anti^: i 

Detcnnined by anti-e 

cde/cde | 

1 


Cde/Cde ! 

Cde/cde 

i 

cdE/cdE 1 


i cdE/cde 

cDe/cde \ 



CDe/CDe j 

CDe/cde 


cDE/cDE i 


cDE/cde 

CDe/cDE i 

1 



genotj'i)es, using onl\' the four serums anti-C, D, E and c, since anti-d was not 
available. No difficulty resulted from gi\*ing four pints of blood selected in this 
manner. The use of the Fisher-Race concept and the method of estimating 
genotj-pes greatty facilitated the management of this case. 

Table 3 includes an arrangement of the more common genotj^pes encountered 
by the clinical pathologist in practice. Again it may be noted that all 
major genotypes may be estimated by use of anti-C, D, E and c serums presently 
available for clinical use. A possible exception of some importance in obstetric 
practice is the instance where differentiation between the homozj'gous cDE/cDE 
and heterozj'gous cDE/cde is desired. For this purpose the rare anti-e serum 
would be required. 

For practical application by clinical pathologists, it seems that the use of the 
Fisher-Race concept and nomenclature can be of the greatest value. The adop- 
tion of this nomenclature and method of approach formulated as the result of the 
brilliant cooperative research of British workers in no wa\' reflects on the earlier 
original discoveries of -Unerican investigators, but again emphasizes that science 
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is international. While it may well take some period of time for the accumula- 
tion of sufficient evidence to satisfy geneticists as to the ultimate coivectness of 
the different theories of inheritance and systems of nomenclature, the clinical 
pathologist is daify confronted with problems which he can solve more easily by 
the concept of Fisher and Race. In practical application with a large transfu- 
sion service, in teaching medical students and technicians, and even in explaining 
incompatibility problems of eiythroblastcsis or of transfusions to patients, we 
have found the CDE system to be most satisfactory. This experience includes 
the use of anti-C, D, E, C"', D", c and e serums.* Diamond,” after extensive 
experience with similar antiserams including his anti-d has found the Fisher-Race 
nomenclature most useful. Chown* and Waller-^ have employed this nomencla- 
ture to advantage in recent publications. 

The adaptability of the Fisher-Race concept is well illustrated, first, by making 
possible the prediction of types of antigen combinations and antiserums- • ® • i' ■ 21 
hot previousfy observed and, second, bj’^ the incorporation of the unpredicted 
additional rare allelomorphic genes C”' and D“ at the C and D loci. It is per- 
fectly possible that rare additional allelomorphic genes ma3'’ be found at the E 
locus also. At present, the clinical pathologist need not concern himself with 
these recentlj"- discovered antigens because of their rarity and the scarcity of the 
antisemms. A further observation based on statistical studies is Fisher’s sugges- 
tion that the order of the genes on the chromosome may be D, C and E.^® • ” The 
order of genes in the chromosome makes no difference whatsoever for clinical use 
but it is of interest genetically. 

Baylor Hospital Joseph M. Hill 

Dallas 1 , Texas 
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Disorders of the Blood. Ed. 5. By Sm Lionel E. H. Whitby, M.D. (Cantab.), F. E. C. P. 
(Lond.), Regius Professor of Physic in the University of Cambridge, Honorary Consult- 
ing Haematologist to the Army; and C. J. C. Bhitton, M.D. (New Zealand), D.P.H., 
Assistant Pathologist, the Bland-Sutton Institute of Pathology, The Middlesex Hospital, 
Pathologist, The Samaritan Free Hospital for Women. 665 pp., 15 plates (10 colored), 
71 figs. $10.00. Philadelphia : The Bakiston Company, 1946. 

This authoritative text on hematology has been extensively rewritten and contains much 
new material, bearing particularly on the origin and development of the blood cells, hemo- 
lytic anemias, blood transfusions and hemagglutination, and the theoretical and clinical 
implications of Rhesus factor inheritance and immunization. 

The authors’ intimate familiarity with the world’s hematologic literature has led to a 
comprehensive yet critical coverage of the subject matter. Moreover, the importance of 
the book as a reference text is equaled by its clarity and readability. Such confusing and 
controversial topics as nomenclature and theories of blood cell formation are dealt vith in 
an understandable and logical manner. The emphasis upon the dynamic nature of cell 
development permits an interpretation of pathologic states in terms of abnormal 
physiology. 

One of the chief merits of this work lies in its bridging of the gap between the points of 
view of the internist and the clinical pathologist. Diagnostic methods and pathologic 
variations in the blood and hematopoietic tissues are described with thoroughness and 
accuracj’’, and clinical problems are discussed with the authority of wide experience in their 
management. 

Ann Arbor, Michigan Frank H. Bbthell 

Hygiene. Ed. 4. By Florence L. AIeredith, M. D., Professor of Hygiene and Public 
Health, Tufts College. 838 pp., 155 figs. ^.00. Philadelphia: The Blakiston Com- 
pany, 1946. 

This admirable text for college students now appears in a fourth edition with a number 
of changes from the third edition published five years ago. The author has sought in this 
edition, as previously, to present a picture of health as it should be interpreted for the 
individual and, at the same time, to indicate the role of the community in public health. 

An over-all picture of the health of the people of the United States is given by way of 
introduction. A brief introduction to anatomy and physiology, with a simple description 
of disease processes and the mechanism of recovery, prepares the student for the chapters in 
Part III on Forces for Health which are available through medical science and the phy- 
sician, and through organized community eSort in the field of public health. 

Parts IV and V present a number of the more important health problems of the individual 
and, at the same time, emphasize how these problems are related to the public health. 

Part VII on Hygiene of Everyday Life deals very completely with bodily functions, the 
effect of environmental factors, and the proper understanding of these so that good health 
may be maintained. As evidence that the text is up-to-date, there is a simple and under- 
standable discussion of the effects of altitude in flying. 

The hygiene of sex and reproduction and the importance of mental health are dealt with 
elearly and conservatively. 

Altogether, the author has prepared a very useful book for college students and other 
nonmedical persons. Such readers should profit greatly through the study of this work, 
not only as individuals, but also as parents seeking better understanding of the health of 
the family, and as citizens seeking the best in health for the community. 

Detroit Bruce H. Douglas 
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The Compleal Pediatrician. Practical, Diagnostic, Therapeutic and Preventive Pediatrics. 
Ed. 5. By W. C. Davison, Professor of Pediatrics, Duke University School of Medicine. 
253 pp., 29 tables. $4.00. Durham, North Carolina: Duke Universit}- Press, 1946. 

In the fifth edition, this popular book has remained unchanged in size and shape, but 
much of the material has been rewritten and many additions reflect the latest developments 
in the field of pediatrics. As in the earlier editions, an enormous body of data is condensed 
into a minimum of space. In spite of the excellence of the clinical descriptions and the 
usefulness of the numerous tables, the result is not entirely satisfactorj'. Perhaps the most 
valuable chapters are those which reflect the author’s large practical experience in handling 
sick and healthy children, especiallj- the chapters on Feeding, General Therapy and Pedi- 
atric Nursing and Growth, Development and Child Care. Elsewhere, the author’s aim 
to be both concise and complete has forced him to present man}-^ observations without the 
necessary qualifying and limiting statements; the resulting bald residual sentences which 
make up the text tend to give a distorted impression of facts. Written for the practitioner, 
who has no ready means for checking or criticallj' interpreting such statements, and who is, 
therefore, likely to accept all statements literally, the book is not without danger. This is 
all the more emdent when controversial issues are handled in the same abbreviated dogmatic 
manner as are established facts. To give only one example, in the paragraph on erythro- 
blastosis fetalis, these statements are made: “Bh tests for marriage are as important as 
those for S 5 'philis. If the wife is Bh— & the husband Bh + or suspected because of previous 
miscarriages, birth control is advisable. If the wife becomes pregnant, her anti-Bh titer 
should be frequently tested and if it reaches a dangerous level. Caesarean section is recom- 
mended followed bj’ 'safe’ transfusions.” Such recommendations considerably overstep 
the authority of a book written "to serve as a read 3 ’' reminder” for the physician. 

In view of the author’s avowed purpose to write a practical book, it is surprising to find 
the text burdened with items which can be of little practical value and might almost be 
called oddities, such as information on the serum cholesterol and complement titer in 
rheumatic fever and the unqualified statement that "the tourniquet, formol-gel & Welt- 
mann reactions are positive; the last is the most helpful.” 

An entire chapter is devoted to laboratoiy' procedures, many of them far too ambitious 
for office use. Since this part will hardlj' be used bj*- the experienced laboratorj’ worker, 
one feels that the book would benefit if this chapter were deleted or materiallj' shortened 
and the space thus saved were used for amplification of the clinical chapters. 

Detroit W. W. Zuelzer 

Blood Grouping. Bj' William C. Boyd, J. W. Cameron, L. K. Diamo.vd, Philip Levine, 
M. ^Ielin, J. L. O.NCLEY, Louis PiLLEMER, D. A. Biciiert, Eve B. Sonn, A. S. Wiener, 
and Ernest Witebsky. 133 pp., 11 figs., 44 tables. New York: Annals of the New 
York Academ}' of Sciences, 1946. 

A conference on Blood Grouping was held bv' the Sections of Biologv', and Phj*sics and 
Chemistrj- of the New York Academj- of Sciences on Maj' IS and 19, 1945. The published 
transactions contain six articles preceded bv' a brief introduction bj' Boj'd. The scope 
of the first article b 3 ' Witebsk 3 ’’ is described b 3 ' the title: Isolation and Purification of Blood 
Group A and B Substances; Their Use in Conditioning Universal Donor Blood, in Neutral- 
izing .;Vnti-Bh Sera, and in the Production of Potent Grouping Sera. Included in the 
discussion of the paper is an interesting brief communication on the estimation of iso- 
antibodies b 3 ^ the quantitative precipitin reaction b 3 * Ixabat and Bezer. 

The second article b 3 ' Oncle 3 ’ and associates deals with chemical methods emplo 3 'ed in 
the fractionation and concentration of anti-A, anti-B, and anti-Bh isoagglutinin reagents, 
with resulting utilization of from five to eight times as manv" donors as could be cffectiveh' 
used without this procedure and at least eightfold concentration of the reagents. 
Pillemer’s contribution evaluates various factors which influence the titer of isoagglutinins 
and their avidit 3 * (f.c., rapidit 3 ' and intensit 3 ' of reaction on the slide). 

In his article, Boyd confirms the well known variation in reacthit 3 ' of cells of different 
individuals of groups A and AB. Levine discusses genetic and constitutional causes of 
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fetal and neonatal morbidity ini a good general review. - In the final paper, Wiener and Sonn 
review the historic development of Wiener’s conception of the nomenclature of the Rh 
factor. The comparison with the- British nomenclature is further emphasized by the 
discussion of Dr. R. R. Race. 

The New York Academy of Sciences has rendered a service, first by sponsoring the 
Conference, and then, by publishing the transactions. Students of the subject of blood 
groups in general, and of the Rh factor in particular, will welcome this small but informative 
volume. 

Chicago '' I. Da^ubsohn 

Progress in Gynecology. Edited by Joe V. Meigs, M.D., Clinical Professor of Gjmecology, 

Harvard Medical School; and Somers H. Sturgis, M.D., Chief, The Vincent Memorial 

Hospital Laboratory. S52 pp., 73 figs., 1 color plate, 16 tables. $7.50. New York: 

Grune & Stratton, 1946. 

This book is a compilation of papers on gjmecologic subjects, published as a refresher 
for medical men who have spent the past few years in the armed forces and, as a result, have 
been unable to keep abreast of the recent advances in this field. 

Approximately 70 authors have contributed to this volume, each writing on a subject 
of particular interest or familiaritj’’ to him. A large portion of the book is devoted to 
endocrinology ; physiology and diagnosis are also treated ; and a minimum of space is allotted 
to pathologj' and to postoperative technic. Chapters are devoted to growth- and physi- 
ology, diagnostic methods, functional disorders, interrelationship of endocrine glands, 
sterility and reproduction, infections and their treatment, benign growths, malignant 
growths, operative technics and preoperative and postoperative care. 

The editors have purposely included scant bibliographic references, which is unfortunate, 
since many of the papers are so abbreviated that the interested reader will, of necessity, 
require additional material. 

A number of articles are especially good. Schiller has an excellent paper on the embrj'- 
ology of functional ovarian tumors. The Smiths review their work on menstrual toxin 
and its relation to the mechanism of menstruation. They offer an ingenious e.xplanation 
of the r61e of menstruation as a pituitary stimulant. Markee discusses briefly the vascular 
changes in the uterus in relation to menstruation. Rakoff’s paper on,“ Vaginal Smears for 
the Determination of Ovarian Function” is excellent. 

The article on the diagnosis of uterine cancer by vaginal smears by Fremont-Smith and 
Graham, on the other hand, is so brief as to be of little value to the reader who has been 
out of touch with this new diagnostic method. It would have been greatly improved by a 
few illustrations. 

Gynecologic endocrinology is given a large proportion of space and most of the articles 
in this field are excellent. Of particular merit is the section on sterility by Rock, Simmons, 
Walter Williams and Eastman. Te Linde presents an excellent treatise on the relation of 
“Intra-Epithelial Carcinoma” to invasive cancer of the cervix. The photomicrographs 
included are noteworthy in this otherwise poorly illustrated book. The section on opera- 
tive technic is limited. It includes a regrettably brief article by Meigs on his work with the 
Wertheim-Taussig operation for cervical carcinoma. A valuable feature of the book is an 
enclosed loose-leaf chart of commercial preparations of endocrine products. 

Obviouslj’’, this work is not intended to serve as a textbook. It fulfills its stated purpose 
as well as the limitations of space permit. It would have been desirable to have had a few 
additional pages in order to permit a more complete discussion of some of the subjects, and 
to have included more illustrations and references. In general, the book is presented in a 
popular vein, and clirtical pathologists will find many items of interest in its pages. 

Detroit Emil D. Rothman 

Practical Physiological Chemistry. Ed. 12. Bj'' Philip B. H.\wk, Ph.D., President, Food 

Research Laboratories, Inc.; Bernard L. Oser, Ph.D., Director, Food Research Labor- 
atories; and William H. Summerson, Pli.D., Associate Professor of Biochemistry, 
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Cornell University Medical College. Xeiv York Cit 5 '. 1323 pp., 329 figs., 121 tables, 5 
color plates. $10.00. Philadelphia; The Biakiston Companj', 1947. 

It is now 40 years since the first edition of Practical Physiological Chemistry yi&s published 
and 10 years since the eleventh edition was written by Hawk and Bergeim. In this latest 
edition, Hawk has collaborated with two new authors in a complete revision and enlarge- 
ment of the previous edition. This edition contains an additional 3.55 pages. Obsolete 
material has been deleted and much new material added, including sections on the polar- 
ograph, isotopes, .sulfa drugs, metabolic antagonists and antibiotics, the Warburg tissue- 
slice procedure, photometric analysis, electrophoretic fractionation of plasma proteins, 
composition of foods, and vitamins and their clinical relationships. 

This work is imusual in that it has so long sen-ed as a standard textbook both in the 
college classroom and the hospital laboratoiy . The style is clear and direct and the subject 
matter brief and understandable. The theoretical considerations and e.xperiments are 
supplemented bj' practical methods and applications. There are numerous structural 
formulas which should be valuable. The appendix contains information concerning prep- 
aration of reagents and solutions; tables on the nutritive value of selected foods, including 
content of minerals and vitamins; and data on maintenance of animals for experiments in 
nutrition. The popularity which the book has enjoyed in successive editions is fully 
deserved. This volume should be in the librarj- of eveiy biochemical laboratoiy. 

Fundamentals of Clinical Neurology. By H. Hot;.sT ox ^IerritTj^I.D., Professor of Clinical 
Neurologv’, College of Phj'sicians and Surgeons, Columbia University, Chief of the 
Division of Yeuropsychiatiy, the Montefiore Hospital; Fred A . Meitleb, M.D., Ph.D., 
Associate Professor of .\natom}'. College of Phj'sicians and Surgeons, Columbia Univer- 
sity; and Tr.vcy J.vcksox Pctx.vk, hl.D., Professor of Neurologv' and Neurological 
Surgerv', College of Ph 3 'sicians and Surgeons, Columbia Universitj’, N. Y. 289 pp., 
96 illus. $6.00. Philadelphia: The Biakiston Company, 1947. 

This is a concise and clearh' vriitten text on diseases of the nervous sv'stem presented 
for the practitioner of medicine. Part I is concerned with examination of the nervous sj’s- 
tem and Part II with anatomic diagnosis. The book is surprisinglj’ easv* to read. The 
titles and subtitles are well chosen. There is good correlation of clinical, anatomic, phj-si- 
ologic and pathologic data. The last chapter of 26 pages is devoted to laboratorv' findings 
in the cerebrospinal fluid in vmrious diseases. Findings are listed for 75 “cerebrospinal 
fluid sv'ndromes”. The book is useful and can be recommended without reservation. 



NEWS AND NOTICES 

Montaka SociETr op Pathologists 

On February 15, 1946, all five pathologists of Montana met in Butte and organized the 
Montana Society of Pathologists. Present were: Dr. Mary Martin, Billings; Dr. Joe 
Ohlmacher, Missoula; Dr. T. F. Walker, Great Falls; Dr. Eugene Hildebrand, Great Falls; 
and Dr. R. F. Peterson, Butte. Dr. R. F. Peterson was elected president and Dr. Mary 
Martin, secretary. 

The constitution and by-laws adopted follow the principles established by the American 
Society of Clinical Pathologists and the Illinois Societj’’ of Pathologists. The Society plans 
to hold two meetings a year. A meeting has already been held with representatives of the 
State Board of Health, who have asked the pathologists to act as a consulting board for 
the hj-^gienic laboratorj’ of the state. 

Refused Biologics Regulations 

Dr. M. V. Veldee, Chief, Biologies Control Laboratory, National Institute of Health, 
writes as follows: 

“It is desired to call attention to a revision of the regulations governing the manufacture 
and sale of biologic products published in the Federal Register on January 21, 1946, and 
effective 30 daj’s after that date. 

“As is indicated in these regulations, the scope of the Biologies Law is broadened some- 
what and certain diagnostic products administered or applied to a person or prepared from 
or with the aid of a biologic product should now be distributed in interstate commerce only 
if prepared by a licensed laboratory. 

“Also requiring a license for distribution are blood grouping and Rh typing serums, for 
which minimum requirements have been prepared in anticipation of the revision of the 
regulations. 

“Information as to the status of any of these products, or the requirements applicable 
to them, may be obtained from the Biologies Control Laboratory, National Institute of 
Health, Bethesda 14, Marjdand.” 


PoSTGRAnUATE COURSES 

The University of California Medical School announces the following courses: 

1. Course -in the Applications of Nuclear Physics to the Biological and Medical Sciences. 
June 30 to July 18 inclusive, 1947. This course will consist of didactic lectures, laboratory 
demonstrations and seminars for round table discussions, and will be open to individuals in 
the fields of medical and biologic research. 

2. Course in Gynecological and Obstetrical Pa hology, and in Smear Technique as it Pertains 
to Cancer of the Uterus, Stomach, Urinary Tract and Lungs. August 4 to 15 inclusive, 1947. 
This course is limited to 75 and registrants are to furnish their own microscopes, which 
should be of good qualit}'. 

Requests for detailed information should be addressed to Stacy R.Mettier, M.D.,Head 
of Postgraduate Instruction, Medical Extension, University of California Medical Center, 
San Francisco 22, California. 
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THE IHUCOPOLYSACCHAEIDE CONTENT OE THE SKIN IN 
LOCALIZED (PRETIBTAL) ]MYXEDE]\LA=^ 

E. :sr. WATSON, M.D., AXD E.. H. PEAECE, B.S. 

From the Deparbnent of Pathological Chemistry, Faculty of Medicine, University of 
Western Ontario, and the Department of Clinical Pathology, Meek Memorial 
Laboratory, Victoria Hospital, London, Canada 

The occurrence of localized mjocomatoid cutaneous lesions, involving chiefly 
the anterior aspects of the legs of persons mth present or past hyperthjToidism, 
has been recognized for many 3-ears and identified b}’’ a variety of descriptive 
terms such as “localized solid edema of the extremities in association vith ex- 
ophthalmic goiter”, “circumscribed m3"xedema”,^’ “localized mA^xedema with 
h3T)erth3Toidism”,^ “mucoid degeneration of the skin associated with h3nper- 
thyroidism”,' “locahzed pretibial m3o:edema”^® and “m3^edema circumscriptum 
th3Totoxicum”.® Although comprehensive reviews of the clinical and C3d:ologic 
features of the abnormant3’' have been given b3’- numerous writers, the 
biochemical aspects of the disorder have received but scant attention. 

The relationship, if an3’', of this particular pathologic condition to dx’^sfunction 
of the th3Toid gland has not been established. The fact of its development dur- 
ing the active stage of toxic th3’Toid disease, however, as well as the resemblance 
of the cutaneous changes to those of generalized m3^edema, has been conmiented 
on b3* several obsen-ers. The characteristic histologic features consist of the 
presence of mucin or a muciform substance in the coiium, demonstrable by 
special staining technics, and an associated splitting of the connective tissue 
fibers. H3T)erkeratosis is often present. There are no signs of inflammation or 
l3*mphatic stasis. 

The mucins, properly termed mucoproteins, are saltlike combinations of car- 
boh3"drate and protein. These compounds, because of their hmphilic colloidal 
nature, produce extremel}’ ^■iscous aqueous dispersions, even hi low concentra- 
tion, from which thei' are precipitable b3' acidification with acetic acid. Their 
ph3'sicochemical properties are determined largeK" b}" the characteristics of the 
carboh3’drate moiet3* which contains an amino sugar; hence the apposite expres- 
sion mucopoh'saccharide. 

The particular compounds wliich are of immediate interest contain, within their 
molecular stnicture, uronic acid in addition to an aminohexose and usualK' 
acet}'! and suKate groups as well. Such substances are referred to as “acid” 
mucopotysaccharides. In this connection, Levene® showed that chondroitin- 
sulfuric acid was composed of equimolecular amounts of N-acet5d galaetosamine, 
glucuronic acid and sulfuric acid; while AIe3'er and Palmer’® identified a sulfur- 
free acid mucopoh'saccharide, made up of N-acetv'l glucosamine and glucuronic 
acid in equimolar quantities, which the3' named Ityaluronic acid. AIe3'er and 

* Aided by .a grant from the Dirision of Medical Eesearch of the National Research 
Council of Canada. Received for publication, April 2, 1947. 
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Chaffee® subsequentlj’- isolated hyaluronic acid and a substance resembling 
chondroitinsulfuric acid from pig skin. 

Caroff extracted mth weak alkali from the affected sldn of a thyrotoxic pafent 
with so-called pretibial myxedema a substance which, after precipitation with 
acetic acid and boiling for one-half hour with 5 per cent hydrochloric acid, de- 
veloped reducing power with respect to Folding’s solution. Chain and Duthie,® 
without presenting anj^- evidence, stated that there seemed to be an accumulation 
of hyaluronic acid in the skin of myxedematous subjects. Trotter and Eden^® 
suggested that the material wliich accumulates in the skin in atypical (pretibial) 
mjrxedema may be hj'-aluronic acid and that the lesions might be due to an ab- 
normal metabolism of this substance. 

ANALYTIC DATA 

An attempt was made to investigate the chemical nature of the mucinous 
material which was pi’esent in specimens removed for biopsy of the affected skin 
from the legs of two patients vdth so-called pretibial mjrxedema.*' 

The specimen from one of the patients (Case 2) had been placed inadvertently 
in formalin fixative before it was obtained for chemical analj’^sis. The effect of 
this solution in altering the original weight and the mucopolysaccharide content 
of the skin is unknovm. However, 15 gm. was considered to be the probable 
initial weight of this specimen. 

The tissue was treated in essentially the same manner as that employed by 
Meyer and Palmer’® for the isolation of hyaluronic acid from idtreous humor and 
umbilical cords. 

The skin samples, each of which included both the cutis and the epidermis, 
were cut into small pieces and dried in several successive changes of acetone. 
Blood pigment and other cellular products were removed by washing the de- 
hydrated tissue with 90 per cent acetic acid, wliich in turn was removed by 
further wasliing with 95 per cent ethanol. The nearly colorless residue was ex- 
tracted several times with cold water at neutral reaction and the mucoproteins 
were precipitated from the extract with G volumes of alcohol acidulated with 
acetic acid. This extraction was repeated until no further precipitation oc- 
curred with the acid alcohol. The solid substance thus obtained was considered 
to represent the h.yaluronic acid fraction. 

The material which remained follondng the above-described extraction process 
dissolved almost completely in a 3 per cent solution of sodium hydroxide. By 
treating this alkaline extract with an excess of barium carbonate on a boiling 
water bath, concentration and denaturation of the protein were accomplished 
simultaneousl 3 ^. The centrifugate of this product was precipitated with 10 
volumes of glacial acetic acid. The precipitate was considered to be the chon- 
droitinsulfuric acid fraction, since the isolation procedure emploj’^ed was com- 
parable to that described bj^ Levene® for the preparation of chondroitinsulfuric 
acid from sclerae. 

A portion of the skin from the amputated leg of an elderh' man (Control A) ivas 
subjected to the same treatment, although it was realized that the ideal source of 
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the ‘'control” data would have been the unaffected skin of the patients with the 
localized m3^ederaa. 

The drj’’ weights of the substances isolated from the cutaneous samples, relative 
to the weights of the fresh specimens of skin, are shovTi in Table 1. No reason- 
able explanation can be offered for the notable difference in the results in the two 
patients under consideration other than its possible relationship to the fact that 
the tissue specimen from Case 2 was exposed to preliminarj- contact with for- 
malin. 


ISOLAIION OF THE MUCOPOLYS.^CCHARIDES 

At this point, the investigation w-as directed toward a more intensive study of 
the mucopolysaccharides normallj' present in human skin. The experience 
gained in the latter undertaking ser\md to emphasize the inadequacj?^ of the 
methods which had been emploj’ed in the preliminarj’- analyses. 

The hjmluronic acid fractions of the preparations undoubtedly were con- 
taminated "with protein and gl3'cogen since no effort had been made to remove 


TABLE 1 

The Crcdb Mccoproteix Fr.a.ctioxs From the Skix of Patients With 

pRETIBIAE MtXEDEM.A 


sotmcE or materiaU" 

1 

t TEESE WEIGHT OT SKIN 

1 IN GlI. 

i 

i 

“nyAEtmoNic aced”,* 

IN itc. PER 100 ClI. sein 

“ CnONDROITINSULEURlC 
ACro”, t IN MG. PER 

100 CM. SKIN 

Case 1 

I 3.6S 

1300 

30 

Case 2 

j 15.(?) ^ 

230 

1930 

Control A 

! 0.69 ; 

1 40 

traee 


* Aqueous extract precipitated with alcohol, 
t Protein-free alkaline extract precipitated with acetic acid. 


these substances. Likewise, the product which had been considered to be chon- 
droitinsulfuric acid probabl3'’ contained traces of proteins and their derivatives 
and gtycogen, in addition to the mucopol3-saccharides which remained after the 
aqueous extraction. 

Unfortunatel3’', the chondroitinsulfuric acid fraction from one patient (Case 
2) was the onl3'' material remaining in sufficient quantity’' to permit further in- 
vestigation. An effort was made, however, to further purify'' this substance bA' a 
process similar to that empIo3md bx^ Me3’er and Chaffee^ for the isolation of the 
mucopob’saccharides from pig skin. The residual protein was removed first 
b3' shaking a solution of this fraction with a chloroform-am3*l alcohol mixture, 
and centrifuging down the denatured proteins. This step was followed by the 
adsorption of an5' remaining protein on Llo3'd’s reagent from normal acetic acid 
solution. The protein-free substance was lid of gl3’cogen b\' incubating vith 
filtered saliva. The purified mucopol3'sacchai-ides were then fractionated into 
In'aluronic acid and chondroitinsulfuiic acid portions b3* treating their barium 
salts with alcohol. 
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In Table 2, the 3aelds of these materials are compared 'ndth those of similar 
fractions isolated from control samples of human skin bj-- the method of Meyer 
and Chaffee.® Control B represents the average of values derived from the 
analj'sis of nine different specimens of fresh skin obtained from legs which had 
been amputated above the knee because of peripheral gangrene or injurj\ The 
sex and age of the subjects did not appear to influence the findings appreciablJ^ 
The relative amounts of the mucopolj'sacchaiides present in Case 2 were cal- 
culated on the basis of an assumed AA-eight of 15 gm. for the fresh skin. 


TABLE 2 

Yields of Purified jMucopoltsacchabides from “Chon'droitinsulfuric Acid” 
Fraction’ of Skin from Patient avith Pretibial "Ma-xedema 



1 MC. MUCOPOLYSACCnAKIDE PEE 100 GIT. FRESH SON 

SOURCE OF MATERIAL ' 



Hyaluronic acid 

1 Chondroitinsulfuric acid 

Case 2*' 

310 

ISO 

Control B 

26 ± 9 

28 db 6 


TABLE 3 

Properties of Mucopola'SACCharide Preparations from the Affected Skin of a 

Patient avith Pretibial Mtxbde.ma 


SOURCE OF MATERIAL 

HYALURONIC ACn> 

CHONDROITINSULFURIC ACID 

Apparent hexosamine 
content, in per cent 

Degree of enz>matic 
hydrolysis, in per cent 

Apparent hexosamine 
content, in per cent 

Decree of enzymatic 
hydrolysis, in per cent 

Case 2” 

13 

44 

15 

i ^ 

Control B 

22 ± S 

61 ± 15 ! 

20 ± 5 ! 

-0.6 ±2.7 

Range 

11 to 34 

40 to 96 ; 

1 

12 to 28 j 

—5.5 to 3.3 


Identification of the mucopolysaccharide fractions 

Ordinarily, 50 mg. of the pure materials is considered to be the minimum neces- 
sarj'^ for the unequiAmcal identification of the acid mucopolj’saccharides bj’’ the 
conventional methods. Consequentljq the analysis of the limited amount of 
material Avhich AA'as available in this study yielded data which were, at best, 
only suggestiA'e of the true nature of the compounds AA-hich had been contained in 
the skin. 

A semiquantitatiA’e estimation of the hexosamine content AA'as accomplished 
bj’’ a modification of the method of Palmer, Smjdh and Mej^er.” The extent of 
the hj’^drotysis of the preparations by the action of hj'-aluronidase* Avas estimated 
b5’' the release of N-acetAd hexosamine as determined bj’’ the method of Morgan 

* Kindlj' supplied by the Schering Corporation, Bloomfield, Ncav Jersey, through the 
courtesy of Dr. ErAvin Sclnvcnk. 
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and Elson ” The presence of uronic acid in these hj’’drolysates Avas established 
qualitatively b}" the naphthoresorcinol test. 

The results of these analyses, compared with the results obtained under similar 
circumstances from the control samples of human skin, are shown in Table 3 . 

DISCUSSIOX 

By the use of methods winch have been employed successfully by other an- 
alysts for the separation of the mucopolj^saccharides from animal tissues, certain 
materials were isolated from the affected skin of two patients with so-called pre- 
tibial mj’xedema. The presence of acetylhexosamine and uronic acid in each of 
the two fractions indicates that the latter belong to the acid raucopol3\saccharide 
group of compounds. 

The marked response of one fraction to the action of the enz^Tne h.valuronidase 
would seem to identify it as h^’^aluronic acid. 'While this cnz3'me is known to be 
capable of depohanerizing other acid mucopofysaccharides, no record has been 
found of a like degree of h3’’drol3''sis occurring with an3* acid mucopofysaccharide 
other than h3'aluronic acid. Indeed, the extent to which the h3’drol3'sis pro- 
gressed agi-ees with the results obtained b3^ i\Ie3’’er ei al.- under similar conditions. 

Be3mnd associating it with the acid mucopoh'saccharides, a definite identi- 
fication of the second fraction was not attained. However, it is not improbable 
that it was related to the substance resembling chondroitinsulfuric acid which 
Me3'’er and Chaffee® isolated from pig skin. Nevertheless, the possibilit3' of its 
•being mucoitinsulfuric acid or some other unrecognized acid mucopofysaccharide 
must be conceded. 

The data presented here, although inconclusive, add support to the opinion 
advanced b3' Trotter and Eden^® that In'alm'onic acid ma3’’ be involved in the 
lesions of pretibial m3*xedema. Indeed, it would appear that the other acid 
mucopol3’’saccharides in the skin are increased also. Tliis pronouncement in- 
vites speculation concerning the possible explanations for the biochemical dis- 
turbance underl3ing this abnoimalit3% as well as for the peculiar localization of 
the particular substances in the skin. "Vidule various theories pertaining to the 
pathogenesis of so-called pretibial m3'xedema have been advanced,® the nearest 
approach to a rational explanation Avould seem to be on the basis of a local dis- 
turbance of the metabolism of the mucopoh'saccharides. 

Trotter and Eden®® intimated also that h3'aluronidase might exert a controlling 
influence upon the deposition of “mucin” in the skin and the3’ further suggested 
that the apparent increase of cutaneous “mucin” in m3rxedema might be due to a 
deficienc3" of h3'aluronidase. It is not unreasonable to presume that inactivation 
of the enz3Tne would accomplish the same end result. The demonstration of 
Irealuronidase (spreading factor) in the noirnal tlnuoid gland ma3’’ be of pertinent 
significance®® and, recentfy, Haas® has reported the existence in blood of an 
enz3'me (antinva.sin) capable of destro3'ing h3’'aluronidase. If confirmed, man3' 
of these suggestions and obsen-ations max' prove to be of considerable pathologic 
importance. 
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SIJMjrART 

The affected skin of two patients with pretibial mj^xedema contained a marked 
excess of acid niucopolj^saccharides, including a substance exhibiting the char- 
acteristics of hjmluronic acid. 

Acknowledgment. The writers wish to express their appreciation of the assistance in this 
work provided Iw Dr. H. L. Williams, a former associate. 
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PROGRESS IX CAXCER RESEARCH* 

WxVLTER M. SniPSOX, iCD. 

Fro/n the Charles F. Kettering Foundation, Dayton, Ohio 

Since October 1945, I have been engaged in surve^'ing the field of cancer re- 
search for the Charles E. Kettering Foundation. The sim-e}’ has concerned 
itself with: (1) the progress made in cancer research during the war 3'ears; (2) 
what can be done to control cancer with the weapons now available; and (3) 
the most hopeful leads from present research on the nature of cancer which bear 
on its cause, prevention and cure. 

PROGRESS DURING THE W.\R 

The urgent requirements of the aimed sendees for research related directh" to 
the war effort caused a serious depletion in the ranks of those who had been en- 
gaged in cancer research in this countri,' prior to Pearl Harbor. Nevertheless, 
considerable work was canied on during the war years, particularh' in the bio- 
logic, chemical and phj'sical aspects of the cancer problem, in such institutions as 
the Xational Cancer Institute at Eethesda, Mainland, Barnard Free Skin and 
Cancer Hospital and Washington University at St. Louis, Lanlcenau Hospital 
at Philadelphia, Memorial Hospital in Xew York Cit\q University' of iMinnesota, 
Yale University’-, University' of Texas, University of Wisconsin, Roscoe B. Jackson 
Memorial Laboratoiy at Ear Harbor, Maine, Rockefeller Institutes for Medical 
Research in Xew York and Piinceton, Chicago Tumor Institute, Michael Reese 
Hospital in Chicago, and in other universities and hospitals and in the research 
laboratories of several industrial organizations. 

Certain wartime researches, notably those associated with atomic fission and 
chemical warfare, have yielded information and materials which can be applied 
directly* to the cancer problem. The production of radioactive tracer substances 
(isotopes), such as radioactive carbon, phosphorus, iodine, sulfur, sodium, 
chlorine and iron, some of which were available before the war, has provided new 
tools for studying the metabolism of cancer cells, as well as new therapeutic 
weapons for the control of the disease. The advent of uranium-graphite atomic 
piles has greatly* enhanced the manufacture of these and other tracer substances, 
foimerly’- made with the cy'clotron. Similarly', nitrogen mustard compounds, de- 
veloped during the search for war gases by* the Army's Chemical Warfare Service, 
have been found to exert a profound effect upon the blood cell forming tissues of 
the body*; intensive investigation is now underway to determine the effects of 
these war-inspired compoimds upon leukemia, ly-mphosarcoma and Hodgkin’s 
disease. These constitute examples of the ways in which the fruits of war re- 
search may* lead to the presen'ation rather than to the annihilation of man. A 
large proportion of the time spent in making this sunrey' has been devoted to \nsit- 
ing various cancer research laboratories for the purpose of obtaining first-hand in- 
formation from the persons directly* engaged in such work. 

* Received for publication. April 15, 1917. 
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Charles F. Kettering and I have had a particular interest in the work accom- 
plished since 1939 at the Barnard Free Skin and Cancer Hospital at St. Louis, 
under the direction of E. V. Cowdr 3 ^ Three recent visits have been made to 
that institution. Scientists engaged in cancer research are enthusiastic in their 
praise of Cowdiy’s “straight-down-the-road” program of determining quanti- 
tatively the changes which occur in the skin cells as cancer develops following the 
application of a chemically pure carcinogen, methylcholanthrene. In the 
Annual Review of Biochemistry for 1945, in the chapter on “The Biochemistrj’- of 
Malignant Tissues”, Jesse P. Greenstein, of the National Cancer Institute, 
made the foUovirig statement: “It is apparent that at the present time each 
approach has illuminated the problem of malignanc}’' without as yet penetrating 
to its core. We know that a wide variety of agents will produce a tumor and 
that the one formed is metabolically verj'^ much like all other tumors. The 
core of the problem lies in the nature of the malignant transfoimation. So 
far, we know reasonablj^ well onl}’- states A and Z, i.e., the fully normal and the 
frankl}’- malignant. Recognition of such states as H, M, and P, as exemplified 
among others by the valuable series of studies by Cowdry’s group on epidermal 
carcinogenesis, should be one of the future aims of investigation. ” 

Cowdr 5 ’'’s approach to the problem of what happens within a cell when it is 
transfoiTned from a noimal to a cancerous state is unique in manj’’ respects. 
His results have demonstrated that a single institution can, to advantage, concen- 
trate all its efforts over a period of j’^ears on one sound and carefully chosen prob- 
lem, and that the program and the goal can remain unaltered despite changes, 
from time to time, in the membership of the team. One important advance 
has been the determination bj'’ fluorescence microscopy and spectrography of 
the parts of the skin which take up the carcinogenic substance, methylcholan- 
threne. The latter phase of the program was accomplished at Antioch College 
by collaboration of Drs. Kriorr, Albers and Rothemund of the Kettering Founda- 
tion for the Studj" of Chlorophyll and Photosjmthesis. This work, interrupted 
by the war, has now been resumed. One step in this collaboration has been the 
utilization by Rothemund of the radioactive isotope of carbon. Cl 4, in the 
synthesis of methylcholanthrene. A natural outcome of the work done thus 
far in determining the fate of the carcinogen in the living bod}"^ cells has been the 
recognition of the necessity for identitying the physicochemical changes produced 
vdthin living cells which cause them to become cancerous. Successful attempts 
are now being made to separate the formed elements of the epidermal cells bj’’ 
differential ultra-centrifugation. It has been possible to isolate the nuclei and 
several foimed elements of the cj^oplasm of both normal and cancer cells by 
this means. The Barnard workers have also made the important observation 
that a new chemical equilibrium occurs rrithin ten daj'^s following the application 
of the carcinogen to the skin cells; the content of calcium, copper, iron, choles- 
terol and biotin is reduced bj’’ approximated fifty per cent within ten days of 
the initial application of the carcinogen. The obsenmtion that anhydrous 
lanolin inhibits the production of cancer when methjdcholanthrene is applied 
in lanolin rather than in benzene has led to a further search for the actual in- 
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hibiting substance contained in lanolin. The knowledge that malignant tumors 
have a high nucleic acid content and that the cellular nucleoproteins are con- 
cerned with the rate of growth of cells points the way to the next step in the 
program of investigation at the Barnard Hospital. In furthering these observa- 
tions, direct collaboration has been established with Caspersson, of Sweden, in 
utilizing ultraviolet spectrophotometric and cidochemical methods for obtaining 
quantitative data on the part plaj'ed b.v nucleic acids in tumor production. 
Caspersson pursued these fundamental studies with great \'igor during the long 
six years of war. Ha'ving determined certain chemical, phj'sical and morphologic 
changes which occur in the whole epidermis at the site of cancer production 
vith the carcinogen, it now becomes of urgent importance to determine the 
biochemical and biophysical changes which take place inside indi\ddual Ihing 
body cells. 

The Xational Cancer Institute at Bethesda, hlarjiand, was the first institu- 
tion visited. This institute was created b}' an act of Congress, in 1937, and 
represents an important federal plan of direct and supportive cancer research. 
The grant-in-aid program has made funds available to numerous institutions 
and workers in cancer and has assured them of long-term sivpjmrL The staff 
of the laboratories at Bethesda is composed of leading groups of scientists who 
are widely representative of manj' basic disciplines and who ai'e engaged full-time 
in cancer research. During the past five years, despite interruptions occasioned 
by war, several noteworth}* advances have been recorded. The work of Heston 
on the definite role of .specific genes in susceptibility to lung tumors has thrown 
new light on the factor of heredity in cancer. Earle has observed normal 
connective tissue cells, grown in test tubes and exposed to a carcinogenic com- 
pound for manj^ generations, undergo transformation into malignant cells. 
The contributions of Anden'ont continue to be of fundamental importance, 
particularly as the}’’ augment and confiim much of Bittner’s work at IMimiesota. 
Greenstein and his co-workers have sA'stematically studied a whole range of 
enzymes in normal tissues and their neoplastic counterparts. The program of 
the National Cancer Institute has been expanded since the termination of the 
war. A comprehensive search for chemicals showing destructive effect on 
tumors is being vigoroush' pursued by its chemotherapy’- group, led by Shear. 
An epidemiologic unit is being established at Harvard, and a clinical research 
unit is being developed at the University of California Medical School in San 
Francisco, directed by Michael B. Shimkin, Surgeon, U. S. Public Health 
Service. 

Reuben L. Kahn, of the University of ^lichigan, the originator of the test 
for syphilis which bears his name, is now devoting his full energies to the im- 
munologic aspects of cancer in laboratory animals, in collaboration with Cowdry 
in St. Louis, Earle in Bethesda and Little in Bar Harbor. His lifetime work in 
tissue inmmnity fits him for exploration of this phase of the cancer problem. 

The other cancer research laboratories visited thus far include; the Institute 
for Cancer Research at the Lankenau Hospital, Philadelphia; the Alemorial 
Hospital, New T’ork City; the Atypical Growth Research Unit at Yale University 
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School of Medicine; the Department of Cancer Biologj- at the University of 
Minnesota; Northwestern Universit3’; the University of Wisconsin; the Uni- 
versity of Michigan; the Chicago Tumor Institute; the Universit3' of California 
Medical Schools at San Francisco and Los Angeles; the Los Angeles Tumor 
Institute; and the newb”" created Research Institute of the Cedars of Lebanon 
Hospital at Los Angeles, directed by Dr. Harry Goldblatt. Important work is 
being done at several other universities and hospitals and visits to these research 
centers mil be made in the near future. In addition, an attempt is being made to 
gather and correlate the immense accumulation of world literature on the 
cancer problem published during the war 3>^ears in a great variet3’' of medical 
and nonmedical, but related, teclmical journals. 

For brevit3"’s sake no attempt will be made at this time to present in detail 
an3'’ recitation of the gi'eatly varied attacks being made on the cancer problem 
in the different institutions visited. It suffices to sa3’’ that the3'- involve man3" 
disciplines, such as biolog3’', ph3'sics, chemistr3’-, botan3% genetics, mutations, 
bacteriolog3’’, protozoology, pathology, tissue culture, vh-olog3'’, radiology, 
enz3Tnolog3'’, C3’-tolog3^, C3dochemistr3% and the study of endocrinolog3’', ph3’^si- 
olog3’ and pharmacolog3’’, nutrition, vitamins, proteins and steroids. The 
unit3'’ of all science is revealed b3'^ the unmistakable manner in which these 
artificiall3'’ separated fields of endeavor overlap one another. The recentl3’' 
constituted Committee on Growdli of the National Research Council and the 
American Cancer Society have set up twenty separate research panels, each 
concerned with some discipline related to the broad attack on cancer. In a 
problem so complex and so diffuse, the great necessit3’- is to provide the means 
whereb3'’ the hosts of workers in the various fields related to cancer research 
ma3’’ work in close harmon3" with each other. 

The attack on cancer through research is, of course, not limited to the United 
States, and was continued under adverse conditions during the war in England, 
France, German3^ and the Soviet Union. The great team of chemists in England 
who discovered the first of the pure carcinogenic chemicals is now engaged 
primarih^ in synthesizing and testing chemicals having possible therapeutic 
effects on tumors. The efforts of these men alread3^ have been partl3’^ rewarded 
b3'' the work on stilbene compounds b3' Dodds, and on the effects of urethane in 
leukemia b3^ Haddow and his group. A grant for a stud3'’ of the role of viruses 
in cancer has been extended to the Imperial Cancer Research Fund. Lacas- 
sagne, one of the pioneers in the study of the role of hormones in cancer, has 
continued his work in Paris. Man3’^ reports, particular^’' on biochemical as- 
pects of the problem, are becoming available from the German literature of the 
war 3^ears. In the Soviet Union, the Oncolog3’' Institute in Leningrad certain^’' 
deseiwes recognition as one of the outstanding institutions devoted to the stud3’' 
of cancer. In Moscow, the newb’- created Academ3’^ of Medical Sciences has 
made cancer one of its most important problems. Shabad’s discover’ of car- 
cinogenic substances in the liver and other tissues of man is of great interest. 
Roskin and Klueva have reported that tysatcs of Trypanosoma anizi, the causa- 
tive organism of the dreaded Chagas’ disease, ma3’' have a selective action on 
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malignant tumors. IMedical science knows no international boundaries and 
cancer has no re.spect for differing political ideologies or for arbitrary’' geographic 
boundaries. The work of our Russian colleagues is and %vill continue to be 
important, and information regarding it is considered essential. 

WHAT CAX BE DOXE TO COXTROL CANCER NOW 

According to the information issued by the National Office of Vital Statistics 
of the U. S. Public Health Sendee, 177,464 persons died of cancer in the United 
States during 1945. Taking into account the inevitable errors which prevail in 
collecting ^dtal statistics, particularly when it is known that diagnoses are con- 
firmed b 5 ' postmortem examination in hardlj’ ten per cent of cases, it is probably 
justifiable to state that more than 185,000 persons now die of cancer in this 
country" everj' year. Since it is believed that for eveiy death from cancer 
there are five active cases of cancer, it is estimated that more than 800,000 
persons are now suffering from this disease in the United States. It is further 
estimated that, at the present rate of mortality, roughh' 15,000,000 persons now 
living in the United States, or one out of ever 3 '^ nine, are doomed to die of cancer 
unless means of control is discovered. Nor is the gravity' of the situation to be 
measured Iw* the sickness and death rates alone. Cancer differs from most 
other diseases in that death from it is preceded bj* a long-lasting debihtating 
illness. Economicalh', it affects not onh' its victims but the entire familj* for 
mam' months. It maj' remove the bread^^'inner from gainful emplojunent, or 
disrupt the family* by afflicting the ■\\Tfe and mother. To the loss of income 
must be added the immense cost of medical care. Even more important than 
tills economic loss is the immeasurable human suffering and anguish caused bj’ 
cancer. 

The weapons now at hand are: (1) surgeiy*, (2) radiation in the form of x-raj' 
and radium, and (3) education of la\' people and their doctors in the earh- 
detection of the accessible forms of cancer, so that the patient maj’ be given 
the full benefit of surgerj' or radiation in the earli' stages of the disease when 
these measures are effective. Dr. Ludvig Hektoen has made the challenging 
statement that if all accessible cancer were treated earb' hy surgery- or radiation, 
or both, 50,000 lives could be saved ^'earh^ As an example of life-saving now 
possible by- the use of new radiation weapons, Dr. iMax Cutler of the Chicago 
Tumor Institute has reported three-j'ear and five-A-ear “cures” bi' high voltage 
irradiation treatment of cancer of the laiynx, in all stages of the disease except 
where there was total fixation of the laryngeal stiuctures. The five-\-ear “cure” 
rate stands at 48 per cent, v'ith recoven,' of speech. Prior to 1922, the chief 
hope of cure was in surgical removal of the larA-nx, with a resultant loss of speech 
in mo.st cases. 

NationArtde success in recognizing cancer in its early phase depends on the 
establishment of well staffed cancer detection clinics in ever\- first-cla.ss hosj^ital 
in the coimtTA'. The gains to be made in such a program are already becoming 
manifest by- the results obtained in the detection clinics at Philadelphia, Detroit, 
Chicago, Los Angeles and New York. 
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Equally important is the training of a corps of surgeons in the peculiar, often 
heroic, requirements of cancer surgeiy, and of a corps of precision radiologists, 
together -with the development of supeiToltage x-raj’- equipment such as the new 
2,000,000 volt apparatus and the betatron (10,000,000 to 100,000,000 volts). 

In the past few j^ars, surgeons have dared to attempt operations fonnerlj- 
considered impossible and are saving lives from cancer hitherto considered 
inoperable, such as cancer of the lung, brain and esophagus. This has been 
made possible by the development of new methods to combat shock, safer 
anesthesia, and the adoption of new methods of intravenous nutrition. As 
with radiation therapy, this advanced type of cancer surgery should be practiced 
in every first-class hospital in conjunction with cancer detection centers. 

In summary, the saving of 50,000 lives annuallj’- which is non' possible, ur- 
gentlj’’ demands the training of a new corps of diagnosticians, surgeons and 
radiologists schooled in the problems peculiar to cancer. 

PRESENT RESEARCH ON THE NATURE OP CANCER AS BEARING ON 
ITS CAUSE, PREVENTION AND CURE 

Although the problem of cancer is as old as recorded history, modern experi- 
mental cancer research is new. Alore progi'ess has been made during the past 
fift.y j^ears than during the previous 5000 years. Real progress began only about 
fifty years ago, when Hanau and Jensen first demonstrated the successful trans- 
plantation of tumors from one animal to another. Japanese workers, some 
thirty years ago, first produced cancer experimental!}’’ in animals by repeatedly 
rubbing tar on the ears of rabbits. 

Thirteen years ago, English workers succeeded in isolating from tar a definite 
organic chemical (3,4-benzpyrene) which produced cancer in mice. This led 
to the artificial synthesis of a wide range of organic cancer-producing compounds, 
the fundamental component of many of which is anthracene. Some 1028 
compounds have now been tested for cancer-producing activity, of which 284 
have been found more or less active in the production of cancer in animals. 

One of the most powerful of these carcinogenic compounds, and the most 
useful to date, is methylcholanthrene. It may be quite significant that this 
compound is closely related to, and can be produced from, cholic acid ivliich is a 
noi-mal constituent of human bile. It is also closely related chemically to the 
sterols, of which both the male and female sex hoimones are examples. Simi- 
larly, the chemical structure of steroids and certain vitamins closely resemble 
certain known chemical carcinogens. The discover}'^ of chemical carcinogens 
lias not thus far throivn direct light on the causation of human cancer. The}^ 
have served, up until now, as tools for the production of experimental cancers in 
animals. Since methylcholanthrene is a close chemical relative of cholic acid, 
the question naturally arises whether or not a slight shift in the chemical struc- 
ture of naturally occurring cholic acid might give rise to a carcinogen similar 
to methylcholanthrene being responsible for the causation of human cancer. 
Similarly, many chemical carcinogens produced in the test tube have a strik- 
ingly intimate relationship to other substances which occur naturally in the 
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human economj*. The shifting of the position of a single double bond will 
convert some highly carcinogenic hj'di’ocarbon compounds into wholly innocuous 
ones, and vice versa. 

While the carcinogens have as 3-et thrown little light on the cause of human 
cancer, their close relatives, the sterols, in the form of male and female sex 
hormones, are beginning to give a hint of the possible future control of certain 
t5T)es of human cancer. The outstanding example of this is derived from the 
discoverj’- of Huggins that castration in the male definitely checks the progress 
of cancer of the prostate gland in a high proportion of cases. This effect is 
apparently due to the removal of the chief source of male hoimone from the bod\'. 
This hormone mediates the growth of the human prostate and also apparently 
encom-ages the grov-th of prostatic cancer cells which are derived from normal 
prostate tissue. It has now been demonstrated that it is not necessary* to castrate 
in order to produce tliis effect. Female sex hoimones, such as ethin}'! estradiol 
or diethylstilbe.strol, have just as great, if not a greater retarding action on pros- 
tatic cancer. The work of Huggins contradicts and casts doubt on the old 
teaching that cancer cells are unrestrained anarcliists in the body economj", and 
that cancer is an iineversible, stead}”^ progressive growth. 

Other recent work raises the question of whether hoimone administration 
maj' not be used effectiveh' in an effort to prevent cancer of certain tjqies. 
Heiman, of Columbia University, has notabh' reduced the occurrence of spon- 
taneous breast cancer in inbred mice highly susceptible to cancer of the breast 
by injecting them with hoimones antagonistic to the female hormone. lie is 
now beginning an actual attempt to prevent human breast cancer b}* the sys- 
tematic injection of these substances in women who have a family historj'’ of 
cancer of the breast. In certain strains of mice, the long continued administra- 
tion of massive doses of female hormones has ^ven rise to cancer in the breast, 
uterus, testicles, bones or hmphoid tissue. Cancer of the breast in males often 
jdelds to orchidectomy or to silbesterol therapy. Similarijq Adair of the IMemorial 
Hospital, Xew York, and others, have found that large dose.s of the male hor- 
mone, te.sto.sterone, often produce a beneficial effect on bone raetastases of 
breast cai’cinoma. These observations are overshadowed by another which 
may have far greater significance, nameh', that the age of greatest susceptibilitj' 
to cancer in men and women strikingly coincides with the period of progressive, 
physiolo^c (and sometimes pathologic) deficiency of hormones. Here, cer- 
tainly, is a fruitful field for intensive investigation, in the clinic as well as in the 
laboratoi^'. 

In addition to the carcinogenic hydrocarbons and the sterols, a large variet}' 
of chemical compounds of entirely different composition, all the way from 
aniline derivatives -to sugars and even simple acids, have produced cancer in 
experimental animals. The verj' fact that such an enormous number of entirely 
unrelated chemical compouncls has been incriminated as inciters of cancer 
leads to the suspicion that none of them is to be considered as the over-all 
piimari* cau.se of the cancer process. One or several of these compounds ma}* 
play a chemical role in the causation of cancer, but some other factor or factors 
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must also operate. A lead as to what these other factors may be is perhaps 
supplied by the obseiwations on breast tumors in mice. 

Of all the work done in experimental cancer research, the greatest amount 
has involved cancer of the breast in mice. Three special characteristics of this 
tjTie of cancer maj’’ be mentioned: 

1. Breast cancer of mice arises most frequently in strains inbred to bring 
out the factor of inherited susceptibility. Thus, bj'’ inbreeding and selection, 
one can produce at will strains of mice which are highly susceptible, or strains 
Avhich are highly resistant to the apparently spontaneous occurrence of breast 
cancer. 

2. There must also be present the growth-stimulating effect on the breast 
tissue of ovarian and pituitar}’’ hoimones; othenrise cancer of the breast will not 
occur, even in highly susceptible inbred strains. 

3. The third requirement is the presence of an agent, Icnown to be contained 
in the milk of the mother mouse. The classic work of Bittner has shown that 
a large percentage of normall}’^ low-cancer strain mice will develop cancer of the 
breast when they are foster-fed by a high-cancer strain mother. Converseb^ 
when the offspring of a high-cancer strain mother are removed by cesarean 
section to prevent them from suckling from her, and are foster-fed by a mother 
from a strain in which cancer is practically nonexistent, the expected occurrence 
of cancer in these offspring does not take place. 

The discover}’’ that some cancer inciter is transmitted in the milk of the 
mother mouse marks a major advance in modern cancer research. What is the 
nature of this cancer-producing agent? For some ten j’^ears this inciter was 
knorni as the Bittner milk influence, the Bittner milk factor, or the transmissi- 
ble agent. In March, 1946, Dr. Robert G. Green of the Universit}’’ of Minnesota, 
reported his observation that the Bittner transmissible agent is probabl}’’ a ^drus. 

The evidence that the Bittner agent contained in the mother’s milk of mice 
■svith breast cancer is a virus, as recently advanced by Green, Bittner, Mosesey 
and Barnum, may be summarized as follows: (1) by homogenization and ultra- 
high speed centrifugation, cancer cells in the breast of the mouse can be com- 
pletely disrupted, ivith a resultant jield of sub-microscopic particles of virus size; 
(2) these cancer tissue centrifugates from the cancer of the breast of the mouse, 
injected into rabbits and rats, produce an antiserum which is not specific against 
normal mouse breast tissue, but is specific against mouse cancer cells and their 
products; (3) when the mouse cancer centiifugate (\drus) is mixed with the anti- 
mouse cancer serum, the Aurus is inactivated so that it no longer produces breast 
cancer in mice; and (4) when the rabbit anti-mouse cancer serum is mixed Mth 
mouse breast cancer cells, it kills those cells so that they are no longer capable of 
producing transplantable breast cancers when injected into mice. 

It is Green’s belief that the cancer Aunis, penetrating into the normal mouse 
breast tissue cells, so modifies them chemically that they lose their species 
identity, are freed from noimal growth controls, and then are able to multiplj' 
without limit, leading to the ultimate destruction of the animal. This work of 
Green’s puts a neiv inteipretation upon the earlier obseiwations regarding the 
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virus causation of leucosis in chickens (Ellerman and Bang), the sarcoma of 
chickens (Rous), the virus papilloma of Western cottontail rabbits (Shope), and 
the adenocarcinoma of the kidneys of leopard frogs (Lucke). It has been 
kno^\'n for many years tliat these tumors of chickens, rabbits and frogs are 
caused by viruses. 

If Green’s results rvith cancer of the breast of the mouse can be confiraied for 
human cancer, the hope for the control of human cancer becomes far greater 
than heretofore. If human cancer, in general, is caused wholly or in paid by a 
vims, this would remove the baffling and fioLstrating conception that cancers 
ai-ise b}' some m3'sterious chemical spontaneity' within the human body*. It 
would mean, on the contraiy, that the cause of cancer is a living entity, which 
enters the body from vithout. Should this prove to be so, we are now, in 
relation to cancer, in a position identical with that of Pasteur when he dispelled 
the fallacy' of spontaneous generation and proved that microbes, entering the 
human body' from Avithout, caused infectious disea.ses. Furthermore, the hope 
for the control of cancer would become much greater, as there is the possibility of 
keeiiing the infective agent from entering the body', of vaccinating against it, 
or of attacking the disease w ith a specific antisenim, once it has started. Finally, 
there is the hope that some new chemotherapeutic agent, or some antibiotic 
on the order of penicillin or streptomycin, may' be found which will destroy' the 
cancer ^^ms. 

Roger J. Williams and his associates at the Biochemical Institute of the 
Univereity' of Te.xas have made the significant obseiwation that there is a spe- 
cifically' different chemical pattern in cancer cells as compared to normal cells 
in respect to their content of certain B vitamins (thiamin, riboflavin, niacin, 
pantothenic acid and py'ridoxine). The quantitative demonstration of differ- 
ences betw'een the chemical constituents of normal versus cancer cells emphasizes 
anew' the urgent necessity for inten.sified study' of the phy'sicochemical differ- 
ences between cancer cells and normal cells. Far from discouraging investiga- 
tions characterizing the physicochemical changes wiihin the living cell, the 
accumulating evidence in favor of a virus origin of at least some foims of cancer 
makes more urgent than ever the e.xpansion of such phy'sicochemical studies of 
the cancer cell, and of cell growth in general. The fiuits of such re.searches 
would a,pply' not only' to cancer but to the whole gamut of degenerative diseases, 
which are now responsible for most deaths in man. 

'\\fliile dihgent search is being made for specific causes of cancer and for a 
clearer understanding of the phy'.sicochemical changes w'hich characterize the 
cancer cell, eveiy effort must also be made to discover substances which will 
inliibit or destroy' cancer cells without harming the nonnal body' cells. The 
important observations of Shear, of the National Cancer Institute, and Reimann, 
of the Lankenau Hospital Research Institute, concerning the destructive effect 
of a bacterial poly'.saccharide (derived from filtrates of cultures of Bacillus 
prodigiosus, on the order of ‘■'Goley'’s toxins”) on tumors of mice have led to cau- 
tious trial of this substance in human subjects with advanced cancer. Four 
patients with fibrosarcoma appeared to have been distinctly' benefited: the 
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course of the disease was not appreciably altered in 21 additional patients 
suffering from other tj’pes of mahgnant disease. 

COMlffiNT 

Never has the need been greater for integrated teamwork among workers in 
all the disciplines which have so far contributed so much in cancer research. 
In this connection, it is appropriate to quote from a published statement made 
by Roger J. Williams: “I should like to express high optimism with respect to 
cancer research, for the simple reason that investigators are ceasing to follow the 
‘hunch’ method, which causes each investigator to play a lone hand, and are 
adopting more scientific methods, wliich not onlj’- get down to fundamentals, 
but also allow for cooperation and collaboration in the larger sense. No single 
investigator can do much alone, but u*ith a small arm}’- of investigators who 
understand one another and can use one another’s results, the future looks 
bright.” 

The likelihood that the whole solution of the riddle of cancer will be found 
ultimately bj"^ one individual, by one group in a single institution, or by one 
organization, is remote. As in most fields of intellectual endeavor, the day of 
lone-wolf researchers is largely ended, except as members of a team. Idea men 
are, of course, the kej’’ men in an}’’ group research. Thus far, no Pasteur or 
Edison has appeared to dominate cancer research. The challenge is great 
enough to demand expansion and integration on nothing less than a world-'nnde 
scale. 

We are undoubtedly on the verge of great developments in cancer research. 
The interrelationships of viruses, intracellular enz5Tne systems and mitochondria; 
the stud}’’ of cancerolytic substances produced by living microorganisms and by 
bacterial products; endocrine physiolog}’’; steroid metabolism; the identification 
of transmis.sible parental factors other than genetic; and the mechanism of gene 
mutations are now being vigorously attacked. The belief is gaining strength 
that enz5Tnes are “organic catalysts” wliich deteiTuine intracellular chemical 
behavior and gi'owth, noimal and abnormal. Isotopic tracer substances are 
now being iridely emplo3^ed as tools in biochemical and bioph3’sical researches in 
cancerous and noncancerous animals and in man. 

Thus far, most American, British and French cancer research has been con- 
ducted on a “cup-in-hand”, “hit-or-miss” basis. The salaries paid to cancer 
workers have been unattractivel}’’ low and there has been little assurance of the 
long tenure which the job demands. The reorganized American Cancer So- 
ciety’s laudable enterprise in conducting annual nation’^nide fund-raising cam- 
paigns is an important first step in the right direction and so is the development 
of large cancer research centers. 

The problem is so vast and so challenging, however, that substantial additional 
and continuous federal support is also urgentl}'^ required. Endovanents, private 
gifts and bequests are to be hoped for, but such sources are dr3’ing up because of 
the current income and inheritance taxation practices and falling interest rates 
on investments. To quote Dean Stafford Warren, of the Universit}’^ of Cali- 
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fomia I\fedical School at Los Angeles: “The essential requirements for a suc- 
cessful cancer research program are fully adequate resources, both of men and 
mone}’, plus continuity of full-time effort.” The panel on cj-tochemistr^* of the 
National Research Council alone has requested an annual allotment of $500,000 
to support and to expand promising researches in this vital phase of cancer 
research in alreadj' existing laboratories. 

The pending Taft-Smith-Ball-Donnell Health Biirnov contains a provision 
authorizing a separate indefiniteh' continued annual appropriation of 
810,000,000 to enable the Surgeon General of the U. S. Public Health Sendee to 
develop more effective measures for the prevention and control of cancer, 
through grants-in-aid to states, counties, health districts and other pohtical 
subdivisions of the states. This feature of the bill will undoubted!}' receive 
hearty support from most of those engaged in cancer research. 

Enough enthusiastic young scientists, in enough places, supplied with enough 
money, fired with common zeal to do the job on a world-nide scale is the goal. 
Much of the cancer research of the past has Ijeen done on a part-time avocation 
basis b}’’ harried professors with hea^*3' administrative and teaching duties and 
by their short-term graduate students striving to complete a thesis for a doc- 
torate. The new!}’’ constituted World Health Organization of the United 
Nations of which Surgeon General Thomas Parran, of the U. S. Public Health 
Sen’ice, is the president, will be the logical clearing house for the interchange of 
cancer research information. The Fourth International Cancer Congi’ess, to 
be held in St. Louis, September 2 to 7, 1947, vill proride a new and Avonderful 
opportunity for the correlation and interchange of information by cancer re- 
searchers from all parts of the world. 

America must lead the Ava}' in cancer research, as in other post-Avar endeaA'ors. 
The public conscience is finally sufficiently aroused to demand a solution to the 
problem. Certainh' the discoA’ei^' of the causes and the cure of cancer is equal 
in importance to the production of the atomic bomb which cost two billion 
American dollars, and two and one-half years of intensiA'e work b}* 100,000 
American workers. By such discovery, we ma}' counter “man’s deslnicfion of 
man” AAith “man’s salvaiion of man”. 



THE PATHOLOGIST’S CONTRIBUTION TO THE CLINICAL 
INTERPRETATION OF DISORDERS OF THE NEWBORN* 

EDITH L. POTTER, M.D. 

Frovi the Department of Obstetrics and Gynecology of the University of Chicago, 
and The Chicago Lying-In Hospital, Chicago 

For the anatomic pathologist who is accustomed to the multiplicity of major 
pathologic changes commonl}'^ found on postmortem examination of the adult, 
the meager evidence left by disturbances responsible for death in the newborn 
often seem of little interest. 

The hold on life is veiy tenuous during the hours of birth and the time im- 
mediatety thereafter, and even a slight shift maj^ swing the balance in either 
direction, to life or to death. In the older child and the adult, the hold on life is 
strong and, except for those who die of sudden fulminating infections or of 
trauma, major alterations in function have usually existed for a sufficient length 
of time to produce extensive lesions in one or more vital organs before death 
actualty occurs. 

As life expectancy- increases and more people live to an older age, a greater 
number of deaths can be expected to occur in association with degenerative 
changes, and the pathologic lesions associated with them may become more and 
more striking. Before the time when the degenerative diseases begin to make 
themselves manifest, the death rate is low and the majority of the deaths that do 
occur are a result of accident or infection. 

During intra-uterine life and in the period of adjustment to an independent 
existence, a group of disturbances not seen in later life is responsible for failure to 
survive. Frequently these disturbances are of such brief duration that they 
leave little or no demonsti-able alteration in tissue structure and, from post- 
mortem examination alone, it is often difficult to reconstruct the events which 
transpired to cause death. 

The study of diseases of the newboim is not of i-ecent origin, but it has met 
with many Aucissitudes and has advanced much more slowly than would be 
expected from the proportionately'- high mortality'' that occurs at this age peiiod. 
Perhaps this has been partly due to the greater economic value of the mother, 
father and older children and to the seeming cheapness of infant life. Through 
the ages, in crowded areas or in other locations where food was scarce and life 
precarious, the death of an infant from neglect or by'' direct intent meant one 
less child to feed and one less person to become a competitor in the struggle for 
existence. Even in civilized countries in relatively’’ modeni times, the death of a 
newborn infant has not been considered too important and has been dismissed 
largely as an “act of God” about which little could be done. 

It has been intimated, CA'en in relath'ely' recent times, tliat it is useless to 

* Presidential address read at the Chicago Pathological Society, October 14, 1946. 
Received for publication, April 16, 1947. 
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attempt to decrease the infant death rate because by so doing an immediate 
burden, Avhich can bring no ultimate return, is placed on the community. It 
has been thought that the death rate under two years is established at a fairly 
constant level and that, I 13 ' decreasing mortality during the fetal and neonatal 
periods, a compensator}' increase would occur later. A certain percentage of 
infants was believed to l>e unfit and destined to die, and it was considered 
better to permit them to succumb earl\', than to live a feu' months at the expense 
of those who were caring for them. 

In spite of a somewhat general disinterest in the fate of the newborn infant, 
one particular phase of newborn pal^olog}’ has been of widespread interest for 
mam' centuries, and probabh* for as long a time as man has been in existence. 
The monstrosities that occur as a result of abnormal intra-uterine development, 
or inhibition or alteration of the usual embrj'ologic proces-ses, have been impor- 
tant to the parents and often to the localities in which the}' were bom. The 
mother who gave birth to a monstrous infant was frequently ostracized from the 
community or even de.stroyed along with her child, for it %vas often believed 
that only by being bewitched or having cohabited with a beast or the devil 
could such a creature have lieen conceived. 

In the middle of the last centur}', there were several French, German and 
Italian anatomists who described and catalogued innumerable varieties of 
malfonmations and in the more learned works of today many of their ponderous 
terms are stiU used. Tamffi, with 4000 pages published in eight voliunes over a 
period of fourteen years, St. Hillaiie and Dareste, are only a few. 

The patholog}' of the fetus and newborn, however, in the minds of many 
people consists too largely of teratolog}', and because of the seeming uselessness 
of this field the .subject has not aroused much interest, nor has it developed to 
the extent that might otherwise have been possible. 

The first work on fetal disease, as distinguished from monstrosities, was 
Be Morins Foelxtum in Ufero Maicrno, which was presented as a monograph and 
publicly supported by Phillipus .lacobus Duttel in 1702. In his preface he 
began, “So wretched and miserable is the condition of mankind tliat not only 
are men tormented by innumerable ills throughout their lives, but foetnses also 
are not free from evils and sicknesses AvhUst they are still shut up within the 
prison of the womb, and before they breathe vith joy the vital air and look upon 
the light.” He described fetal variola, morbilli and s}'philLs. He discu-ssed 
jaundice in the mother and fetus, mentioned a case of generalized drops}q and 
appeared to have believed that exomphalos was due to disea.se. He commented 
that no fetal disease was more common than epilepsy and descrilied an illness 
known as inteimittent fetal fever. These conditions seem to have been all 
that were known at that time, and the latter part of his work is devoted to a 
consideration of the cause of fetal disease. 

In the intciA-ening 240 years occasional publications dealing with this subject 
have appealed. During the latter half of the last centur}', several books were 
published which gave accounts cf the anatomic arid physiologic development of 
the embiyo and fetus and of some of the pathologic disturbances to which it 
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was subject. BallantATie felt verj’- keenh’- the need for some organization in the 
field of pathologjf of the newborn and published several volumes duiing the 
late 1890’s and early 1900’s. The first was entitled, The Diseases and De- 
formities of the Foetus: An Attempt Towards a System of Ante-Natal Pathology. 
It included an excellent summary of the rather extensive literature that had 
accmnulated in the field of fetal and neonatal disease up to that time and pre- 
sented various S3’’stems of classification that had been used by different investi- 
gators. The remaining two-thirds of the book was taken up by a discussion of 
“general dropsj’’ of the fetus”. In 1895, the second volume appeared, and this 
was devoted to a discussion of the diseases, of the skin and subcutaneous tissues. 
A somewhat more comprehensive Manual of Ante-Natal Pathology and Hygiene 
dealing with diseases of the fetus was published in 1902 and the better known 
second volmne bj"^ the same title, and dealing with the embiyo, appeared in 1904. 
Simultaneous^ with the pioduction of these works Ballantjme edited “Tera- 
tologia: A Quarterly' Journal of Antenatal Patholog}’’ with Reviews of the 
Current Literature on the Subject”. This seems to have been relatively short- 
lived and appeared for onl}’- a few 3 '’ears. 

Birnbaum, in 1909, published a book entitled. Malformations and Congenital 
Diseases, which was translated from the original German into English. It is 
little known and few copies are available. Since then no major work has ap- 
peared, although various phases have been discussed in several books and in 
man 3 ' brief papers. 

The Medical Research Council in Great Britain financed a comprehensive 
stud 3 ’’ of the causes of stillbirth and earl 3 ’- infant death in the earl 3 ' 1920’s. 
This included the postmortem examination of more than 1000 fetuses and in- 
fants in centei-s in different parts of England. The results of these autopsies 
together with the histories of the mothers and of the infants up to the time of 
death were reviewed and the material published in 1922 b 3 ’’ Eardle 3 >- Holland and 
Janet Lane-Capon. 

To the average general practitioner toda 3 '’, and to the majority of the medical 
men delivering babies and caiing for them in the early days of life, the reasons 
wh 3 ’^ infants die, either before or after birth, are a matter of almost complete 
m 3 '’stery. In the absence of an autops 3 ’', and even when one is perfonned, the 
term “intra-uterine asph 3 ’^xia” is given as the cause of death of most stillbirths 
and “prematurit 3 ’'” or atelectasis” is used to explain the death of most infants 
who were born alive. 

As was mentioned previousb^ the average pathologist is interested in spectacu- 
lar or tmusual changes and when, on examining the bodies of several infants, he 
finds a few petechial hemorrhages beneath the parietal and visceral pleura, a 
mild increase in fluid beneath the meninges, an increase in the size of the spleen, 
or perhaps nothing at all, he finds it convenient to turn the postmortem ex- 
amination of these infants over to the 3 mungest member of liis group, often one 
who is considered not 3 'et adequate to investigate adult material. 

The postmortem examination of the newborn infant is a much easier ph 3 '’sical 
task than examination of the adult, but at that point the element of greater ease 
ends. To obsen^e, to interpret, and to make the interpretation of value to the 
clinician, requires skill equal to that demanded b 3 ’' an 3 >' field of patholog 3 ". 
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It is not enougli to list the postmortem findings and to have them t 3 T)ed and 
filed. The obstetrician and the pediatrician want to know how the.se findings 
are to be interpreted in relation to the death of the particular infant in question 
and how to prevent them from occurring in other children. 

The fetus that dies in view has never been observed as an individual, and in 
most of the infants who die in the earh^ da%*s of life, the period of clinical ob- 
sen'ation is brief, and the variations in their s 3 Tnptoms are ver 3 ' slight. It is 
the patholo^st who must review the historN', who must obsenn the residual 
changes that still exist in the bod 3 ' of the infant and who must reconstruct the 
course of events. To make an 3 ' autop 33 ’^ worthwhile, a histoiy should be avail- 
able, and this is especiall 3 ' important when dealing with subjects in this age 
group. At no other time is close cooperation between the clinician and the 
pathologist more essential. 

A well trained general pathologist should have a good medical background 
and, idealh’', an extended practical experience in the diagnosis and treatment of 
living patients. So, also, the pathologist examining the bod 3 ' of a dead infant 
.should have had experience in the actual clinical problems of obstetrics and 
pediatrics and should have a continuing interest in and contact with clinical 
Iiroblems. Our modem trend to earl 3 ^ specialization often makes such over- 
lapping of clinical and laborator 3 ’' fields seem difficult or impossible, and both 
specialties ma 3 ’ suffer in consequence. 

The pathologist has an ideal opportunity to stud 3 ' both the origin and the end 
of an abnormal process and to be the principal stimulus for the furtherance of 
ihe understanding of the problems of the newborn. There is still much that is 
not undei-stnod, but the fields in which causative agents are recognized are 
constanth' broadening. This accumulating knowledge constitutes a definite 
factor in bringing about the reduction in infant mortality that is liecoming 
generalh' apparent. One of the chief fimctions of the pathologist is to make the 
pediatrician and obstetrician aware of the variety of pathologic states which 
ma 3 ' exist in these earh' da 3 ’s of life. 

In Chicago, in 1915, the death rate imder one 3 ’'ear of age was 125 per 1000 
births. Thirty' 3 'ears later, in 1945, this had been reduced to less than 30 per 
1000; a drop to a figure less than one-fourth of its original level. The total 
mortality at the Chicago L 3 'ing-Tn Hospital for all infants and fetuses weighing 
in excess of 400 gm. at birth has decreased from 48 in 1936 to 28 in 1946. 

What kills infants in this age period and what is responsible for this decrease? 
The four leading causes of death in the combined groups of stillbirths and neo- 
natal deaths are anoxia, malformations, birth trauma and ei^lhroblastosis, 
while in tlie livebom group prematurity pla 3 -s an extrcmeh' important role. 
S 3 'philis and acute infections have been largeh* eradicated in some localities, 
but in othere, the 3 '' still make an important contribution to the total mortality. 

Obscr%'ation of infants in the nursen' b 3 ' the pathologist makes it possible 
after a while for him to predict vith considerable accurac 3 ' what the pathologic 
lesions will be in an infant that succumbs. This is of no help to that specific 
infant and, in some instances, it does no good for succeeding infants who show the 
same s 3 *mptoms. If, however, one is aware of the pathologic changes that arc 
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present in relation to certain sjnnptoms, there is a good chance that a cure, or a 
means of prevention, eventually can be foimd. 

Infants delivered bj'^ cesarean section, who seem normal at birth, but who 
subsequently develop progressive respiratory distress and die at from ten to 
fourteen hours of age, frequently have an increase in fluid in the meningeal 
spaces and a progressive resorption atelectasis. 

Infants, moderatel3' premature, who are a little slow to breathe at birth and 
who became irregularly d3’^spneic and c3’anotic, frequentl3’^ develop costal re- 
traction, show an increasing struggle for breath and who die from twenty-four to 
thirt3''-six hours of age often have abnonnal findings limited to the lungs. The 
lungs show a hver-hke consistenc3’^ due to capillaiy congestion, resoi-ption of air 
and the presence of a h3^aline membrane surrounding the few remaining air 
spaces. 

Infants born with subcutaneous ecch3Tnoses, mild edema, enlargement of 
spleen and liver, often die in a few hours and exhibit the extramedullar3'’ er3'thro- 
poiesis characteristic of erythroblastosis. 

Infants who look peculiar at birth and who have an increase in inter-pupillary 
measurement, a prominent epicanthic fold, a prominent cleft between the 
lower lip and the chin, large low-set ears, often die from five to ten hours after 
birth with complete renal agenesis. 

Infants who appear normal at birth and who, on the second or third day 
during batliing or feeding, suddenty go into collapse and die within a few min- 
utes, often are found to have ruptured subcapsular hematomas of the liver. 

Infants who appear normal at birth, with heart beating vigorous^’’, but who 
make a feAV unsuccessful attempts to breathe and never breathe again despite 
repeated attempts at resuscitation, ma3'’ fail to breathe because the chest is 
occupied by a large heart, b3’' the Auscera from the abdominal cavity', or is com- 
pressed by' upward pressure from poly'cy'stic kidney's. The trachea may' be 
closed by a cartilaginous malformation. 

SUMJLVRY 

There is a remarkably' close correlation between the clinical course of infants 
during the newborn period and the findings present on postmortem e.xamination. 
The pathologist can be of immeasurable help to the clhiician in reconstructing 
the course of events leading to death in the newborn period or during the course 
of labor. 

To be able to combat a disease, the disease must be known. The frequently' 
repeated statement that the majority of infants die for unknomi reasons is 
untrue. Harely is there an infant for whom a cause of death cannot be found 
by' combined study' of clinical and pathologic data. 

The particular fields y'et to be conquered in the prevention of death in tin's 
age period center about premature delivery', ante-partum intra-uterine death and 
malfoimations. The study' of the diseases of the fetus and newborn has shown 
great progress in the last 250 years, but there is still much to be learned. 



SERUIM PHOSPHATASE A^D OTHER TESTS OF LWER 
FUNCTIOX TN INFECTIOUS MONONUCLEOSIS* 


EDWARD A. GALL, il.D. 

From the Pathology Laboratory, Bethesda Hospital, Cincinnati, Ohio, 
and the Departments of Pathology and Surgery, College of Medicine, 

University of Cincinnati, Cincinnati, Ohio 

Infectious mononucleosis is not infrequent!}^ accompanied by jaundice/’®’ 
Some have attributed the jaimdice to compression of major bile ducts 
by enlarged Ijmiph nodes, others to the coincidental occurrence of epidemic 
hepatitis and mononucleosis and still others have suggested an identity of the 
two diseases. The nature of the Ijunph node lesion® is such that the likelihood 
of compression of bile ducts would appear remote. The observ^ation of abnormal 
IjTnphocjdes in the blood smears of patients ^vith epidemic hepatitis constitutes 
neither a constant nor a characteristic feature of this disease and the course 
and findings of the condition have little similarity to those of infectious mono- 
nucleosis. Recent studies -- ^ indicate, moreover, that in mono- 

nucleosis the liver is the seat of a lesion which differs from that of epidemic 
hepatitis and is probably related to the cellular reaction occurring elsewhere 
in this disease. 

Liver enlargement, both with and without jaundice, is often obser\’ed in 
infectious mononucleosis and it is probable that the liver is affected far more 
frequently than has been appreciated. This is borne out in the studies of 15 
cases of mononucleosis without jaundice reported by Cohn and lidman.® In 
this group, all cases manifested abnoimalities in one or more tests of liver func- 
tion. 

The present stud}" was carried out as the result of the accidental obser\*ation 
of an elevated serum phosphatase in a nonjaundiced patient with infectious 
mononucleosis (Case 1). Subsequently, .33 additional patients with this disease 
were encountered serially and were investigated with a riew to determining 
the frequency with Avhich phosphatase alteration occurred in infectious mon- 
onucleosis. In the course of the .study, other te.sts related to liver function, 
such as icterus index, cephalin flocculation and th}Tnol turbidity, were also 
earned out. All 34 patients showed the blood pictures and other clinical mani- 
festation.^ considered representative of infectious mononucleosis and all but one 
had heterophil antibody titers of at least 1:112, a diagnostic level.®® Only one 
patient was frankly jaundiced and two others exhibited a •‘subicteric” hue. 

)Smce the patients Avere studied in seA*eral different hospitals, the methods for 
estimating serum alkaline phosphatase varied Avith the laboratoiy in Avhich the 
procedure was carried out. In 2S instances, the King- Armstrong method'® 
AA’as used and, in the remainder, the Bodansky procedure AA-as followed.’ The 
maximum adult normal leA*el for the former method was giA-en as 13 units, al- 

* ReceiA’cd for publication, April 10, 1947. 
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though I have rarely obsen-ed it elevated above 10 units in the absence of hepatic 
or osseous disorder. The maximum normal level by the Bodansk 3 ’' method vas 
accepted as 4 units.^^ 


TABLE 1 


SuAuiARr OF Clixical axd Labokatobt Findings in 34 Patients with Infectious 

Mononucleosis 


CASE 

NUMBER 

AGE 

SEX 

ICTERUS 

EN- 

LARGED 

ZIVER 

^•BC IN 
THOU- 
SANDS 

PER 

CENT 

LYMPHO- 

CVTES 

HETEROPHIL 

ANTIBODY 

TITER 

ICTERUS 

INDEX 

THYMOL 

TUR- 

BIDITY 

CEPHALIN 

FLOCCULA- 

TION 

SERUM 

PHOSPHA- 

TASE 

UNITS* 

1 

17 

P 

0 

0 

13.0 

90 

1:1792 

8 



4+ 

44 K.A. 

2 

23 

M 

0 

0 

17.0 

77 

1:224 

— 


3+ 

31 K.A. 

3 

25 

M 

0 

0 

6.7 

44 

1:7168 

_ 

— 

3+ 

8K.A. 

4 

24 

M 

0 

0 

12.4 

60 

1:112 

— 

— 

— - 

10 K.A. 

5 

23 


0 

0 

10.0 

79 

1:1792 

6 

— 

4+ 

14 K.A. 

6 

23 

]\I 

0 

0 

9.2 

71 

1:224 

7 

— 

2+ 

16 K.A. 

7 

23 

iM 

— 

— 

6.4 

62 

1:896 

— 

— 

3+ 

9K.A. 

8 

24 

M 

0 

0 

7.1 

73 

1:7168 

_ 

— 

3+ 

11 K.A. 

9 

24 

F 

0 


6.8 

69 

1:7168 

7 

— 

, 4+ 

36 K.A. 

10 

21 

M 

— 

— 

17.6 

71 

1:1792 

— 

— 

4+ 

17 K.A. 

11 

21 

M 

0 

0 

12.0 

61 

1:896 

— 

— 

4+ 

30 K.A. 

12 

20 

iM 

0 

0 

9.8 

56 

1:1792 



3+ 

12 K.A. 

13 

22 

iM 

0 

0 

16.0 


1:7168 

5 

— 

— 

11 K.A. 

14 

21 

iM 


0 


77 


17 

19 

4-}- 

36 K.A. 

15 

20 

F 

0 

0 

16.5 

78 

1:1792 


6 

4+ 

16 K.A. 

16 

20 

M 

0 

“f- 

11.7 

69 

1:1792 

9 

15 

4+ 

32 K.A. 

17 

28 

F 


0 

9.0 

60 

1:7168 

16 

22 

4+ 

14 K.A. 

IS 

26 

F 

0 

0 

9.8 

64 

1:448 


6 

4+ 

10 K.A. 

19 

19 

I\I 

0 

0 


59 

1:448 

7 

18 

2+ 

12 K.A. 

20 

25 

M 

0 

0 

12.3 

69 

1:1792 

6 

29 

3+ 

14 K.A. 

21 

22 

i^I 

zh 

0 

12.0 

66 

1:7168 

16 

15 

4+ 

13 K.A. 

22 

20 

M 

0 

0 

8.7 

76 

1:896 

14 

7 

3+ 

15 K..4. 

23 

25 

U 

0 


9.1 

72 

1:224 

14 

23 

4+ 

20 K.A. 

21 

25 

M 

0 

0 

6.1 

62 

1:448 ) 

■1 i 

14 

1+ 

14 K.A. 

25 

20 

M 

0 

0 

7,7 

71 

1:112 j 

5 

7 

4+ 

9 K.A. 

26 

22 

M 

0 

0 


64 

1:112 

5 

3 


12 K.A. 

27 

29 

M 

0 

0 

7.6 

74 

1:224 

7 

10 

3+ 

11 K.A. 

28 

15 

F 

0 

0 

11.0 

71 

1:3584 

_ 

15 

— 

15 K.A. 

29 

35 

M 

0 

0 

16.8 

S3 

1:448 

— 

— 

— 

12 Bod. 

30 

36 

F 

0 

0 

14.2 

77 

1:16 

— 

— 

— 

20 Bod. 

31 

28 

F 

— 

— 

8.5 

75 


— 

— 

— 

10 Bod. 

32 

30 

F 

— 

— 

14.8 

55 


_ 



3 Bod. 

33 

20 

F 

— 

— 

5.3 

54 


— j 

— 


9 Bod. 

34 

22 

IB 

0 

0 

11.2 

74 

1:3584 

i 

— 

4+ 

12 Bod. 


* K.A., King-Armstrong method; Bod., Bodansk 3 ’- method. 


In 26 of the patients, the cephalin flocculation procedure of Hanger'® was 
emploj’-ed and onb’- a 3 or 4 plus flocculation was regarded as positive. In 20 
instances, the icteins index was determined (normal 4 to 6 units),” and in 15, 
the thjnnol turbidity test was performed (normal 1 to 4 units).” 
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RESULTS 

The results obtained are tabulated in Table 1. 

Serum phosphatase levels attained videh* varied heights, the range being 
between normal and 44 E3ng-Annstrong units and between normal and 20 
Bodansk}’^ units. In only 5 patients were the readings within normal limits, 
while in 7 others, the increase was found to be considerable (over 30 King- 
Armstrong units). 

Twentj'-two of 26 patients showed a positive cephalin flocculation test and 3 
of the remainder had 1 plus to 2 plus readings. Thjmol turbidit 5 ’ reading were 
significanth' elevated in all but one of 15 patients. The range of readings here 
was 3 to 29 imits, the mean being 15 imits. 

Despite the detection of mild or equivocal icterus in 3 patients, 9 of 20 pa- 
tients showed icterus index levels above 8. The range was narrow: 3 patients 
exceeded 15 units and the maximum level attained was 17 units. 

At the time the initial blood samples were drawn, all of the patients were in 
the florid stage of the disease, although the duration of their illnesses varied 
between three and twent 3 *-two da\'s. Circumstances prevented serial blood 
studies in most of the patients, but in five instances the heterophil antibod 3 ’’ 
titer, the serum phosphatase and the cephalin flocculation were each deteimined 
at weekl 3 ' inteivals for three weeks succeeding the initial observ'ation. The 
heterophil antibod 3 ' titer dropped progressiveh’ to negative levels in two patients, 
but in one patient, the titer remained 1 : 224 throughout the period of observation. 
The cephalin flocculation test was negative in the five subjects at the end of 
three weeks, as was the serum phosphatase. The latter levels dropped par- 
ticularl 3 ' rapidbq being normal in 3 patients one week after the original reading. 
Blood smeai-s made at the end of the period showed essentiaU 3 ’' normal differential 
formulas vith fewer than 30 per cent l 3 'mphoc 3 'tes, but abnormal forms remained 
in small numbers. 

In 28 patients, two or more tests were carried out (Table 1). In 18 of these 
patients, all the tests performed .showed abnormal results, while in the remaining 
10 subjects, at least one of the tests was abnormal. No constant relationship 
among the results obtained b 3 ’’ these procedures was observ’ed. In the 6 persons 
in whom onh' the alkaline phosphatase was determined, two showed normal 
values. Thus, eiidence is at hand to point to some degree of interference vith 
liver fimction in at least 32 of the 34 patients studied. 

DISCUSSION 

Both clinical and pathologic data indicate a high incidence of hepatic dis- 
order in association with infectious mononucleosis, an incidence which cannot 
be determined on the basis of clinical jaundice alone. I believe tliat had ad- 
ditional tests been carried out in each of the subjects studied, all would have 
shown some alteration in liver fimetion. This was so in the 15 cases reported 
by Colm and Lidman.® 

The basis for the elevation in serum alkaline phosphatase is not entireh' 
clear.®'^'* - Althoughit is generall 3 ' accepted that increase in this enz 3 me reflects 
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disorder of the liver or osseous system,” Umenow^^ and others^’” have reported 
such elevations in leukemia. Woodward and Graver,*^ however, found such 
increases to be rare in leukemia, but noted elevations frequently in the “lym- 
phomatoid” diseases. These authors noted the presence of phosphatase in 
white blood cells, but felt that there Avas httle likelihood that this contributed 
to the serum liA’perphosphatasemia. There is the probability, in aubav of the 
common invoWement of Iwer and bone by both leukemia and malignant Ijun- 
phoma, tliat tliis inA'^asion rather than the actual liberation of enzjrme by leuko- 
cjdes enliances the rise of semm phosphatase. 

Hyperphosphatasemia in cases of obstinctiA^e jaundice AA^as first reported bj’’ 
Roberts^® and AA'as for some time regarded as a means of distinguishing obstruc- 
tive from hepatocellular jaundice. Subsequent inAestigations, however, “ 
haAe shoAA’n that this means of distinction is not A’^alid and considerable 
A’^ariation maj'^ be anticipated. CertainW there is no indication whateAer of the 
occurrence of significant biliarj^ obstruction in the cases reported in tlris paper. 

In Aoew of the eAudence of anatomic lesions in the liver in the occasional case 
of infectious mononucleosis available for such study and the striking frequenc}’' 
of abnormality CAudent in tests such as serum alkaline phosphatase, cephalin 
flocculation and th 3 Tnol turbiditj'-, carried out in 34 cases, it seems reasonable 
to conclude that liA^er inA^olvement is of usual, rather than of incidental, occur- 
rence in infectious mononucleosis. 


SUMMARY 

Thirty-four patients Avith infectious mononucleosis were studied to determine 
their serum alkaline phosphatase leA’-els. In addition, the cephalin flocculation 
test AA’as taken on 26 of the patients; the thjunol turbiditj^ test, on 15 patients; 
and the icterus index, on 20 patients. Significantly elevated alkaline phospha- 
tase, slightly increased icterus indices and posittye cephahn flocculation and 
thj'mol turbidity tests AA’ere found in these patients, AA’hether or not clinical 
jaundice aa-rs present. EAudence is adduced to shoAV that alteration in liA^er 
function as manifested bj^ these tests is present in almost all patients AA’ith this 
disease. 
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MENINGITIS CAUSED BY FRIEDLANDER’S BACILLUS OR 
AEROBACTER AEROGENES 


REPORT OF TWO CASES WITH AUTOPSIES* 

PERRY T. HOUGH, M.D., and LESTER ADELSON, M.D. 

From the Hall Wilson Laboratory of the Hartford Hospital and the Laboratory of the 
McCook Memorial Hospital, Hartford, Connecticut 

Meningitis caused by Friedlander’s bacillus is an uncommon clinical finding. 
In 1943, Ransmeier and Majoi-® collected 29 cases from tbe world literature 
and described one of their omi. Since then, one case has been reported by King* 
and one by Tartakoff, Grynbaum and Le Compte.'^ 

The identification of the organisms in these cases raises once more the per- 
plexing problem of differentiating between Friedlander’s bacillus (Klebsiella 
'pneumoniae, Bacillus mucosus capsulatus) and Aerdbacler aerogenes (Bacillus 
lactis aerogenes, Bacillus aerogenes). Ransmeier and Major® included in their 
series cases attributed to A. aerogenes because they are "closely related, if not 
indistinguishable” from Friedlander’s bacillus. Schaub and Foie}"-® in their 
Methods of Diagnostic Bacteriology stated that infection with Friedlander’s 
bacillus comprises a clinical rather than a bacteriologic entit 5 ^ A heavily 
encapsulated, gram-negative bacUlus isolated from the sputum of a pneumonia 
patient is usually regarded as a Friedlander’s bacillus. The same organism 
isolated from a urine culture might be classified as A. aerogenes. In other words, 
designation of an organism as Friedlander’s bacillus depends, pi’imarilj’', on the 
source of the culture. According to this method of classification, the organisms 
in the cases to be discussed would be regarded as A. aerogenes. 

Extensive studies and investigation of the cultural, biochemical and serologic 
characteristics of these two groups of encapsulated organisms, however, have 
failed to reveal any reliable criteria for their differentiation. Edwards" found 
that such tests as production of ammonia, reduction of nitrates, formation of 
indole, growth in uric acid and citrate mediums, and the methyl red and '\'’oges- 
Proskauer tests are of no value in separating these two groups of gram-negative 
bacilli. The coagulation of milk, once looked on as an important diagnostic 
criterion, has given variable results in the hands of different investigators, even 
Avhen the}’" were working with the same strain of organism. The same holds 
true for the production of acid and gas from lactose. Clear-cut immunologic 
relationships between Friedlander’s bacillus, Tj’-pe B, and /I. aerogenes have been 
demonstrated b 3 " Julianelle.® The conclusion is that there are no constant 
differences between various strains of Friedlander’s bacillus and A. aerogenes. 

Consequent!}^, we feel that designation of the organism as either 7C. pneumoniae 
or A. aerogenes is justified. However, we have chosen to label it K. pneumoniae 
(Friedlander’s bacillus) in order to conform with the majority of the reports in 
the literature. 

* Received for publication, April 9, 1947. 
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Recentl}", we had ttie'opportmiity to observe a patient who entered the hospital 
vith a clinical picture of meningitis as a result of criminal abortion. Fried- 
l^der’s bacillus was cultured from the blood and spinal fluid during flfe; at 
autopsy, the same organism was isolated from the blood, cerebrospinal fluid 
and uterus. Search of our files also has disclosed a case of meningitis caused b}^ 
A. aerogenes in an 8 week old male infant with a congenital anomaly of the pros- 
tatic urethra, hydroureter and h 3 'dronephrosis. Culture of his cerebrospinal 
fluid jdelded A. aerogenes. He recovered from this infection onl^’ to die of a 
subsequent Escherichia coU septicemia. 

REPORT OP C.ASES 

Case 1 

Clinical data. A 29 year old white female, single, was admitted to McCook Memorial 
Hospital on December 5, 1946, and died December 12. She was five months pregnant and 
had had a criminal abortion performed by instrumentation of the cervd.x on November 30. 
On December 5, because of a persistent bloodj' vaginal discharge and fever, she consulted a 
physician, who referred her immediately to the hospital. On admission, her temperature 
was 100.6 F., pulse rate 112, respirator 3 ' rate 28 and her blood pressure 118/78. She was 
semicomatose and unable to extend her legs completelj'. The throat and phar 3 'nx were 
injected. The lungs and heart were normal. The abdomen was moderate^' distended, 
tender and tympanitic with some spasm. Pelvic examination disclosed a bloody discharge 
issuing from a soft and patulous cervix. The uterus was enlarged to the size of a five 
month pregnanej’ and was moderatelj’ tender. The neck was stiff, but no other abnormal 
neurologic signs were present. Lumbar puncture revealed cloudj', yellowish, fecal-smelling 
fluid under increased pressure. Fort 3 ' cc. of cerebrospinal fluid was removed and 20,000 
units of penicillin and 50 mg. of streptom 3 'cin were instilled. Culture of the fluid showed 
Friedlander’s bacillus. The following day another lumbar puncture showed the spinal 
fluid unchanged e.xcept for the presence of some blood. The temperature ranged from 98 
to 101.8 F. and the pulse rate continued to increase. On December 7, she developed con- 
'V’ulsions and signs suggestive of tetan 3 '. The bronchi and trachea were filled with fluid and 
mucus. During aspiration of this material the respirations suddenl 3 * ceased and the patient 
died. Treatment had included a total of 950 mg. of streptom 3 'cin and 1,000,000 units of 
penicillin intramuscular^' except for the initial intrathecal dose. In addition, she had had 
7.5 gm. of sodium sulfadiazine intravenous^' and a transfusion of 500 cc. of blood. 

Laboratory data. Hemoglobin 70 per cent; cr 3 'throc 3 'te count, 3,100,000; leukocyte count, 
11,000 to 28,500; NPN, 158 mg.; creatinine, 7.4 mg.; CO; combining power 26 volumes per 
cent; cerebrospinal fluid protein 605 mg., sugar 19 mg. Culture of the blood and of the 
cerebrospinal fluid each showed a pure growth of Friedlander’s bacillus. A sample of the 
blood submitted to the Connecticut State Department of Health Laborator 3 ' was reported as 
containing A. pneumoniae, Type B. The organism was described as a gram-negative rod 
which, on ]^IacConke 3 '’s agar, grew as convex colonies 3 mm. in diameter. The organism 
produced acid and gas from glucose, lactose, sucrose, salicin, maltose, mannitol, rham- 
nose, arabinose, raflinose, x 3 'lose, sorbitol and inositol. Dulcitol was unchanged. Growth 
on Kligler’s iron agar produced acid and gas in the butt, an acid slant and no lu'drogen sul- 
fide. The organism grew on citrate and tartrate mediums. Purple milk and urea were 
unchanged. The Voges-Proskauer test was reported as plus-minus (rb). Trimeth 3 'Iamine 
was produced but indole was not. The organism showed capsular swelling tvith K. pneu- 
moniae, T 3 'pe B antiserum. 

Poslmorlcjn examination was done one and one-half hours after death. There were mul- 
tiple e.xcoriations about the mouth. The breasts were enlarged and 3 'ielded a waters' colos- 
trum on pressure. A copious, foul-smelling, blood 3 ' discharge issued from the vagina. 
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The spleen was of a soft mush 3 ’' consistencj’- and was enlarged, weighing 450 gm. The cortex 
of each kidnej’" appeared swollen and edematous and scattered through the cortex were 
multiple minute yellowish spots, apparently representing earlj' abscesses. The uterus was 
enlarged, measured IS .x S .x 5 cm. and was of flabbj'' consistencj’’. There was a small amount 
of purulent exudate over the serosal surface at the attachment of the right tube. On open- 
ing the uterus, the cavitj’ was seen to contain blood, pus and fibrin. There was a hemor- 
rhagic mass about 3 cm. in diameter situated on the posterior aspect of the endometrial 
cavity near the fundus of the uterus. A thin seminecrotic membrane lined a portion of the 
uterine cavity. The cen-i.x was hj'pertrophicd and the external os was gaping. No lacera- 
tions were visible on the vaginal portion of the cermx. Surrounding the cervical canal, 
however, there was a thick cuff of recent interstitial hemorrhage averaging 2 cm. in thick- 
ness. The tubes showed a slight inflammatorj' exudate, as mentioned above. The right 
ovarj' contained a corpus luteum of pregnancy 1 cm. in diameter. The cerebrospinal fluid 
was cloudy. The brain weighed 1350 gm. and there was a copious j'ellowish exudate, which 
was most prevalent over the cerebral hemispheres. Relativelj' little exudate was present 
about the base of the brain. Multiple sections through the brain showed no evidence of 
inflammatorj’ reaction within the brain substance. The lining of the fourth ventricle 
showed a few petechial hemorrhages. Cultures of the blood, meninges and uterus were 
taken. 

Microscopicallj’, the mass in the fundus of the uterus showed hemorrhage and necrosis of 
decidua extending into the uterine wall. A few trophoblastic cells were present. Section 
of the thin membrane that partlj’ lined the uterus showed a largely necrotic decidual tissue 
v'ith an extensive acute inflammatorj’ reaction. Section from the region of the right tube 
showed an earlj’ acute inflammation. Section of the cervical canal showed an area of ulcer- 
ation with a defect in the mucous membrane lining the cerm.x. Beneath this there was an 
e.xtensive acute inflammatorj’ reaction and a massive recent interstitial hemorrhage. The 
ovarj’ showed a corpus luteum. Brain sections revealed an acute inflammatorj' c.xudate in 
the meninges. A section through the fourth ventricle disclosed petechial hemorrhages. 
The liver and spleen showed acute congestion and the kidnej's displaj’ed earlj' minute ab- 
scesses. Cultures of the blood, uterus and meninges all j'ielded a pure growth of K. pneu- 
moniae (A. acrogencsf). The anatomic diagnoses were: infected abortion (iC. pneumoniae) , 
septicemia (JC. pnexmoniae), acute purulent meningitis {K. pneumoniae), ulceration of 
endocervi.x with inflammatorj’ reaction and interstitial hemorrhage. 

Case 2 

Clinical data. A male infant born at the Hartford Hospital, Julj’ 6, 1945, was readmitted 
on .August 3, and died on September 2. The infant weighed 9 pounds llA ounces at birth and 
was normal during his neonatal staj’ in the hospital, leaving on his eighth daj’. .4t home he 
was a poor feeder on a formula of dextri-maltose. Two daj’S prior to his readmission, his 
mother noted the passage of green waterj’ stools. In addition, the child vomited brownish 
mucoid material. His urine was said to have been “reddish” on one occasion. 

Physical examination on readmission showed a thin dehj’drated male infant weighing 
8 pounds 4 ounces. The temperature was 101.4 F. Aside from an injected pharynx, there 
were no remarkable findings. He was treated with hj’podermoclj'ses and sodium sulfa- 
diazine. Despite these measures, his temperature climbed to 103.6 F. Penicillin was 
started in a dose of 10,000 units everj’ three hours. Three daj’s after admission he developed 
convulsions and complete anuria. There was bulging of the anterior fontanel and moderate 
internal strabismus of the left ej’e. The nonprotein nitrogen at this time was 137 mg. 
Blood culture showed a heax’j’ growth (4 plus) of A . aerogenes. Culture of the urine showed 
a heavy growth (4 plus) and of the cerebrospinal fluid a slight growth (1 plus) of the same 
organism. Spinal fluid protein was 122 mg. Penicillin was stopped and the child was given 
sulfathiazole. The nonprotein nitrogen rose to 198 mg. Cj'stoscopj’ was performed and 
moderate trabeculation of the bladder with intrusion of the lateral lobes of the prostate was 
found. An indwelling catheter was inserted, and within one week the nonprotein nitrogen 
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had fallen to 67 mg. The spinal fluid, however, still showed a 1 plus and the urine and blood 
a 2 plus growth of A. aerogenes. Treatment consisted of sulfathiazole supplemented with 
transfusions and hj'podermoclj^ses. A third lumbar puncture, two and one-half weeks 
after admission, showed 36 cells of which 29 were polymorphonuclear leukoc 3 ’tes and 7 
I\-mphoc 5 d:es. Tandy’s test was negative. At this time, cultures of the cerebrospinal 
fluid and blood were sterile. The child showed well marked improvement, took his feedings 
well, and had no diarrhea. Soon thereafter, he started to regurgitate his feedings. A 
barium enema and a gastro-intestinal series were negative. He vomited everything given 
bj' mouth and his condition progressivelj' declined. A culture of the urine now showed a 
4 plus growth of E. coli. Streptomj'cin was instituted but the child succumbed shortly. 

Poslmorlem examination, done by Dr. Robert Tennant, revealed a congenital valve of 
the prostatic urethra with obstruction and a secondary bilateral hydronephrosis and pyelo- 
nephritis. There was terminal pneumonia and culture of the heart’s blood revealed E. coli. 
The brain showed no evidence of meningitis. 

SU-MiLARY 

Two cases of meningitis are presented in which Klebsiella 'pneumoniae (Fried- 
lander’s bacillus) Avas found. Ca-sc 1 represents an instance of generalized 
infection Avith the organism foUoAA-ing intra-uterine instrumentation. The only 
other case ascribed to a possible uterine focus is that reported b 3 ’' DaAus and 
Fernando.^ Case 2 is an e.xample of apparent recoA^erj' from a generalized 
infection starting from the urinarA' tract. Meningitis associated AAuth Fried- 
lander’s bacillus AA'as unifoimh' fatal up to the adA'ent of the antibiotics. With 
the use of the.se agents recoA^eries haA*e appeared in the literature AAith increasing 
frequency. 

The.se cases emphasize once more the difficult}*, or impracticabilitA% of attempt- 
ing to differentiate betAveen K. pneumoniae (Friedlander’s bacillus) and Aero- 
bacter aerogenes {Bacillus laclis acrogenes). 
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CLINICOPATHOLOGIC CONFERENCE* 

OSBORNE A. BRINES, M.D. 

From the Departments of Pathology, Receiving Hospital and Wayne University 
College of Medicine, Detroit 

Clinical data. The patient, a ^vhite male, 38 j’^eai’s of age, was admitted 
July 16, 1946, Avith. complaints of Avealcness, nausea and vomiting, diarrhea, 
jaundice and pain and swelling of the abdomen, which had developed in the 
order named during the past two months. There had been occasional abdominal 
cramps. Because of the nausea, the patient had been able to ingest only small 
amounts of milk during the past month. Diarrhea had been constant and ac- 
companied by much mucus and some bright red blood. Jaundice and abdom- 
inal swelling were painless and progi-essive. The patient recalled having had 
three or four similar episodes, the fii-st in 1928. He had been a chronic alcoholic 
for about twenty years. TiTiile in the West Indies from 1924 to 1928, he had 
had malaria. 

The patient was Avell developed, poorty nourished, lethargic, tremulous and 
apparently in acute distress. He had a foul, faintly alcoholic breath and his 
bed clothes were soiled by blood and feces. His skin showed deep yellow jaundice 
and over the shoulders and chest there were petechiae and “spider nevi”. The 
pupils were noimal and the fundi were not visualized. The lips and tongue were 
dry and the teeth carious. The lungs were negative except for moist r&les in 
the right axilla. Blood pressure Avas 70/38. The heart AA'as not enlarged, the 
rate AA’as 80 and the rhytlrm regular. The abdomen AA’as greatly distended and 
there AA’as a fluid AA-aA^e and shifting dulness. The INer edge AA’as palpated 5 
fingerbreadths beloAv the costal margin. Periumbilical veins AA’ere prominent 
and retrogi'ade Aoaa- could be demonsti’ated. There AA’ere no pathologic tendon 
reflexes. The prostate AA-as not enlarged. There was slight pitting edema of 
the feet and deflnite tenderness of the caNes on deep pressure. 

The patient AA’as gh’en general supporttye treatment, including a blood trans- 
fusion and glucose intraA’enousl}’, but his condition rapidly became AA’orse and 
he expired on the third hospital da3^ 

Laboratory findings, July 17. Uiinatysis: sugar 2 plus, albumiir slight trace, 
bile 1 plus; Hb. 8 gm., erjdhrocytes 2,450,000, leukocj’tes 23,300, neutrophils 
95, l 3 Tnphocj'tes 4, monocytes 1 (neutrophils showed Dohle’s inclusion bodies 
and marked toxic alteration); platelets 41, 650 per cu. mm.; blood urea 372 
mg.; blood Kline test negatKe; albumin 1.2 gm., globulin 1.8 gm.; stools, occult 
blood 2 plus; icteric index 50; A'-an den Bergh test direct, immediate, strong. 

CLINIC.VL DISCUSSION 

Dr. Robert J. Sclmcck. “The diagnosis must explain an acute illness of tAA’o 
months’ duration AA’ith possible similar preA’ious episodes, obstruction to the 

* Received for publication, April 26, 1947. 
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portal circulation, hepatic enlargement, azotemia, anemia and leukocjdosis. 
Cardiac decompensation per se, or congestive failure secondary to nephritis vith 
liver enlargement and ascites, can be excluded because of absence of other signs 
of congestive failure. Neither primarj* nor metastatic cai'cinoma of the liver 
vill explain all the findings. Amebic abscess of the liver is stronglj' suggested 
b 3 ' his residence in the West Indies, leukocjdosis and the abdominal findings. 
It is unlike!}', however, that he could have had such an abscess from 1928 and 
the nitrogen retention is not easil}’' explained on that basis. Weil’s disease 
must be considered, but the absence of an acute severe illness preceding the 
jaundice makes this diagnosis imtenable. Poisoning from some exogenous 
toxin must be seriousl}’’ considered. During the prohibition era, we had several 
patients in this locality with liver enlargement, ascites and renal insufficiencj’ 
which developed from consumption of an into.xicant containing an imidentified 
poison. Anemia and leukecji-osis, however, were not part of the picture. This 
patient presented the finding which we commonlj' attribute to hepatic cirrhosis, 
including enlargement of the liver, changes in the seinm proteins, edema of the 
ankles, ascites and spider nevi. His domihill course, however, was more rapid 
than is usuall}’’ the case in imcomplicated cirrhosis. This fact makes me feel 
that, in addition to curhosis, there was a complicating acute hepatitis and tliat 
the the rapid liver degeneration resulted in renal tubular damage and produced 
the so-called hepatorenal sjndrome.” 

Dr. Richard M. McKean. “As I read the case, mj’’ attention was caught b}^ 
the same factors that intrigued Dr. Schneck. Tliis man was about 18 or 19 
3 'ears old when he had his first attack, and it is this which concerns me most. 
We can ex'plain his stoiy on the basis of a common, garden-variet}’^ of cirrhosis 
with an acute episode at this point, but the patient recalled tliree or four similar 
episodes since 1928, or since he was 18 or 19 jears old. This is difficult to ex- 
plain. The juvenile cirrhosis, with spider nevi and petechiae, is usuall}', in 
m 3 ' experience, not evanescent. H 3 'pertropluc biliar}' cirrhosis has periods of 
recrudescence; acute episodes come and go, and each attack is associated with 
jaundice, diarrhea, abdominal pain and with enlargement of the liver, all of 
which were reported in this individual. If there is a pure biliar}' cirrhosis it 
is not, except in its terminal stages, associated with any degree of ascites. Tliis 
man, however, was without adequate food for at least two months. He liad a 
h}T3oproteinemia with an inverted .A/G ratio which might account for the ac- 
cumulation of fluid in the abdomen. However, an ascites with inversion of A/G 
ratio should be associated with fluid elsewhere and, as I note, there was only 
slight pitting edema of the feet. That is rather unusual if we are to ascribe 
the anasarca to lowered blood protein and an invereion of the A/G ratio. I 
think that intrinsic liver disease best explains this case. This boy had the 
reputation of being an alcoholic from the age of 16. He had been in the West 
Indies from the time he was a youth, which leads me to suspect that lie may 
have had some tropical disease. .-Amebiasis best fits this picture, and could 
accoimt for the nausea, vomiting, abdominal cramps and weakness, and witli 
an invasion of the liver through the portal circulation might vei^' well have 



540 


CLINICOPATHOLOGIC CONFERENCE 


produced, as not uncommonly happens, a diffuse hepatitis followed by a localized 
abscess formation. ’ir^Oiile the recurrent nature of the illness cannot be explained 
on that basis, the terminal picture might be. I should Idc inclined to h}TDer- 
trophic bihary cirrhosis as my diagnosis of choice, although I admit that it 
certainly would be unusual to see it over a period of almost twenty years.” 

Dr. Charles G. J ohnslon. “As I mad tliis conference sheet, two possibilities 
struck me. Either this is a case of amebiasis contracted in the West Indies, or a 
very good case of portal ciiThosis. I believe that amebic abscess probably fits the 
picture better than cirrhosis. One must not forget, however, that the patient 
came into the hospital in a terminal state. Wfiien an individual is hospitalized 
in such a condition, it is usually difficult to get his story and many of his physical 
findings maj’" be altered bj’’ deh3’-dration. One might explain his high urea 
nitrogen on the basis of dehj'^dration, but not the low platelet count. The 2 
plus sugar in the urine maj’- be similarlj' explained, and Dr. Brines pointed out 
before we began that the patient excreted practicallj’^ no urine. It is surprising 
that a man with such severe debj-^dration as is here suggested should have only 
a 2 plus albumin. It is perfectl3’’ possible to relate practically all of this man’s 
S3Tnptoms, except the jaundice, to the high blood urea and marked nephritis. 
Now there are two factore that I should like to bring out. One is that this man 
had ascites and an enlarged liver; there is nothing to indicate that the ascites 
which he had was a simple ascites. No tap was made, and so it is perfectly 
possible that he ma3'’ have had bile ascites from an obsti-uctive jaundice with 
perforation of the gallbladder or common duct. He was surel3" sick enough 
to have had a biliaiy ascites. I also call 3mur attention to the fact that his 
blood pre.s.sure was down to 70 / 38 , 3'et his heart rate was onl3’’ 80 . In jaundiced 
patients and, frequently in those who have biliaiy ascites or rupture of a bile 
passage, it is quite common to find tlie pulse rate low. Now for some reason, 
it appears that in the anamnesis the temperature has been carefull3' omitted. 
I would suspect that this man, if he wasn’t too far gone, had a fever in keeping 
with a leukoc3dosis of 23 , 300 , so that from a surgical standpoint, this man prob- 
abb"^ had acute appendicitis two months before Jul3^ 16 , with an extension of 
the infection into the portal system, a p3dephlebitis, followed b3’’ thrombosis 
of the portal vessels and ascites. Of couree, the portal vein ma3’^ be obstructed 
from man3>' causes. I have seen obstractive jaundice occur in a patient following 
rupture of a duodenal ulcer, b3’' formation of a large subhepatic abscess and pres- 
sure on the ductal S3’'stem and portal vein. It is m3’’ feeling that this man had 
an intraperitoneal infection which began either as an acute appendicitis or as a 
subhepatic abscess. In either event there was extension to the liver, or obstnic- 
tion of the ducts and portal vein, with resulting jaundice and ascites.” 

Dr. Ralph A. Johnson. “I would underscore one point very strongl3% and that 
is that carcinoma of the liver occurs in a pre-existing cirrhosis much more com- 
monly than in a health3^ liver. The pattern here is quite clearb’ that of portal 
cirrhosis. I am alwa3’’s suspicious of a protocol in which all the roads lead to 
one diagnosis. It is general^' a trick to catch the unsuspecting clinician. Ne^•- 
crtlieless, I would make m3' first diagnosis portal cirrhosis with secondary cai’- 
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cinoma of the liver and carcinomatosis. Among the other possibilities are 
Hodgkin's disease and leukemias. I can’t see how a high blood urea -^nth the 
rtuld degree of nephritis that this patient was supposed to have had, can be 
ignored and I would postulate a hj^jemephroma to explain it in part.” 

Dr. A. Hazen Price. “It is possible that we have here a portal cirrhosis of the 
Laennec twpe, a hj'pertrophic biliary'’ 13^)0, or a mixed t3T>e of cirrhosis, because 
the liver was large. Most patients vith portal cirrhosis of the Laennec tj^pe 
have a comparativelj' small liver, while patients with a biliari' cirrhosis commonh* 
have a large liver. Since this condition started earh' in life, the patient could 
well have had a bUiarj* tj-pe of cii-rhosis. I tliink, however, that we ought to 
consider another possibility that has not been mentioned, and that is that this 
patient had recurring attacks of pancreatitis. Recurring attacks of acute 
pancreatititis occur not infrequenth' over a period of j'eare, with subsequent 
liver damage. The classical picture of acute hemorrhagic pancreatitis vrith 
acute epigastric pain, boardlike rigidity, a high white count, moderate cyanosis, 
together with shock is not difficult to recognize, particularh- when there are 
facilities to do amjdase determinations. But the possibilitj* of chronic recurring 
attacks of pancreatitis is not considered often enough. Dr. Johnson mentioned 
one other possibility, Hodgkin’s disease, and I think it should be particularh' 
emphasized because this patient’s trouble started when he was a bo}', and that 
is the time that Hodgkin’s disease is veiy common. Hodgkin’s disease not 
infrequenth' masks itself bj' limiting its involvement entireh' to the viscera or 
to the nodes about the liver without affecting the peripheral or mediastinal 
nodes. It common!}' produces a bizarre picture such as this individual presented. 
Again, if we had known that he had recurring t jpes of elevations of temperature 
like we see so frequent!}' in Hodgkin’s disease, it would have been of help, but 
the patient was in the hospital for only three days. The high white blood cell 
coimt with a high percentage of neutrophils is common in Hodgkin’s disease. 
It Avould be interesting to know if the neutrophils were predominantly of mature 
t}q)e as they frequently are in Hodgkin’s disease. I would like to suggest Hodg- 
kin’s disease and chronic recuning pancreatitis as possible diagnoses in this 
case.” 

Dr. Paul II. Noth. “One thing is centre! in both plnrical and laborator}’- find- 
ings, and that is that this patient had severe chronic diffuse liver damage, re- 
sulting in a picture chiefly of hepatic coma. Xo diagnosis other than that 
would explain the findings. I don’t believe that obstructive jaimdice per ee, 
carcinomatous involvement of the liver alone, or amebic abscess as sole diagnoses 
could explain such severe hepatic insufficiency. The Dqje of cirrhosis is largely 
speculative, both types mentioned, atrophic and In'pertrophic primaiy biliary 
cirrhosis, being possibilities. This man did not have a histor}' of obstructive 
biliar}' cirrhosis secondar}' to biliai^"^ tract disease. Frequently, we fail to realize 
that there are a great many cases of clironic hepatitis which don’t fit into any 
of these groups. One cause of chronic hepatitis is catarrhal jaundice or non- 
.specific infectious hepatitis. Knowing Dr. Brines’ interest in carcinoma, I 
would consider the superimposition of carcinoma on cirrhosis. Tlic consistency 
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of the liver aha the presence or absence of nodularities, and the type of ascitic 
fluid present' are’ hot described. If the ascitic fluid were bloody, it might well 
indicate carcinoma. Considering these omissions, carcinoma is a very likely 
complication, although entirely speculative. Another chronic condition which 
should be mentioned, suggested bj’- the history dating back to early adulthood, 
but not borne but by the findings, is chronic hemobdic icterus. Since it would 
have to be complicated bj'- obstructive jaundice and hepatitis, I don’t think 
that it is a good explanation. Jaundice in a patient vdth cirrhosis is ordinarily 
thought of as a veiy severe complication, one that is hkel}’- to be terminal, but 
we see many patients who have underljdng cirrhosis vdth recurrent episodes of 
acute hepatitis of var3’ing severity. Many such patients live for 3'^ears after 
their initial attacks of jaundice. I think that this is the explanation of the re- 
current jaundice in this case. Another thing commonly seen at autops3’' to 
explain the rather frequent finding of a large liver associated with portal cir- 
rhosis, is lipoidosis of the liver. I think that this patient definitely had under- 
lying chronic hepatitis of some sort. There was probabty also an acute episode 
of hepatic degeneration, associated lipoidosis, and possibb’- complicating pri- 
mary carcinoma of the liver.” 

Dr. David I. Sugar. “No one has commented on the pstechiae. These are 
evidence of septicopyemia. Here was a man with a big liver and spleen and 
leukoc3’-tosis, who had not onb' occult blood in his stool, but also blood in his 
bed. One of the causes of high nonprotein nitrogen is hemorrhage into the 
intestinal tract. The individual was an alcoholic. I think that his liver was 
rapidly enlarging, due to obstmction of the portal vein and that the portal vein 
obstmction was due to malignanc3'' with secondary infection, which was seeding 
the blood stream, giving him septicemia. I just want to make one diagnosis, 
Chiari’s disease, obstruction of the poidal vein. This was pi-oduccd 1)3'' a new 
growth and complicated b3' secondary infection and septicemia.” 

HEJIATOLOGIC INTERPRETATION 

Dr. Lawrence Berman. “Tlrree parts of the hemogram of this patient require 
our attention: anemia, neutrophiUa and thromboc3d.openia. The patient had a 
macroc3'tic normochromic anemia of 2,450,000 ery1;hi’0C3des per cu. mm. We 
must consider the temporary macroc3’tosis associated with a high reticulo- 
c3’-te count after- blood loss, pernicious anemia and other macroc3'’tic anemias. 
The absence of frank massive hemorrhage rules out post-hemorrhagic anemia 
and the leukoc3’’tosis is not t3q)ical of pernicious anemia. Among the diagnostic 
possibilities suggested b3’' the clinicians, cirrhosis of the liver, in which macroc3'- 
tosis is common, remains important. The leukoc3de count of over 24,000 cells 
per cu. mm., the marked right shift, and the presence of Dohle’s bodies point 
to severe toxemia or infection which can best be explained on the basis of 
an acute process. The low platelet count of 41,000 per cu. mm. ma3’’ be a feature 
of m3’’elophthisic anemia, Werlhof’s disease, toxemia of animal, vegetable, or 
chemical origin, or of hematopoietic diseases, such as leukemia. I think the 
clinical features of the case rule out these possibilities, with the exception of 
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Hodgkin’s disease which was emphasized by Dr. Price. Howe^-ei-, if Hodgkin’s 
disease were to explain the severe chronic anemia in this patient, we would e.xpect 
an anemia of somewhat different tj'pe, namely a myelophthisic anemia, in which 
the erjdhrocytes are likely to be nomioc 5 'tic and normochromic, with nucleated 
red cells in the blood. Further-more, when there is an associated leukocjiiosis 
with mj'clophtliisic anemia, we expect to find a left shift or leukcmoid pattern 
in the blood, and this was absent. If we must choose from among the diagnostic 
suggestions already made, cirrhosis of the liver with a complicating infection 
or toxemia seems to be the best explanation of the blood findings.” 



Fig. 1 . Section from wall of a pancreatic abscess. Note microcalculus in 
upper left hand comer. Hematoxj'lin and eosin. X 105. 


PATHOLOGIC REPORT 

Dr. Bert E. Stofer. “The chief pathologic findings were in the pancreas. Tliis 
organ was almost completely replaced by multiple abscesses. Figure 1 represents 
a section from the wall of one of the pancreatic abscesses. The abscesses con- 
tained microcalculi. There was increase of fibrous tissue in the pancreas, both 
within and about the lobules. The inflammatory process extended to the tissues 
surrounding the duct and had occluded it by pressum from without. Extension 
of the abscess to the colon had resulted in a small perforation near the liepatic 
flexure, and it was from this perforation that the bleeding from the intestine 
was thought to Imve arisen. The kidne^-s were enlarged, weighing 300 gm. 
each, and the medullary^ portions were bile stained. The liver was the site 
of an active portal cirrhosis. Its great enlargement was due to massive lipoidosis. 
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The microscopic study, together 'VA'itli the gross appearance of the organ, led 
us to the conclusion that the disease was essentialh' that of a tenninal, acute, 
suppurative exacerbation of a chronic pancreatitis, an entity which has recently 
been described under the term ‘chronic relapsing pancreatitis’.” 

CLINIGOPATHOLOGIC CORRELATIOX 

Dr. Oshome A . Brines. “Considering that the liver in this case weighed 5 Kg., 
one of three t3'pes of cirrhosis would have to be considered: poital cirrhosis, 
obstructive biliar3'^ cirrhosis and primar3’’ h5'pertrophic biliary cirrhosis (Hanot). 
Obstructive biliar3’’ cirrhosis can be ruled out on a histopathologic basis in the 
absence of chronic biliar3’' obstruction. Hanot’s h3'pertrophic biliar3'^ cirrhosis 
probably does not need to be serious^ considered as an entit3'' because we believe 
it to be a ^'ariet3' of portal cirrhosis. Portal cirrhosis wdth extreme fatt3' meta- 
morphosis, called fatt3’’ cirrhosis b3’’ some, is the diagnosis we prefer to apph' 
here. The cirrhosis appears to be independent of the pancreatic disea.se but 
the lipoidosis ma3' have been due to a deficiency of a lipotropic factor, such as 
lipocaic (as propo.sed b3' Dragstedt, Arch. Int. Med., 64: 1017-1039, 1939), 
and therefore might be the result of pancreatic insufficienc3\ The recvuring 
attacks of upper abdominal pain over a period of 3^ears and the histologic evidence 
of chronic interstitial pancreatitis suggest that this case might fall into the group 
of cases described b3’' Comfort, Gambill and Baggensto.ss (Gastroenterol., 6: 
376-408, 1946) as chronic relapsing pancreatitis. As in their cases, there was 
no biliar3'^ tract disease and the terminal common duct obstruction and h3’drops 
of the gallbladder could be secondaiy features. The suppuration, and certainly 
the perforation of the peripancreatic ab.scess into the colon, are unusual features. 
The azotemia in this case could probabl3’’ be entircl3’’ prerenal on the basis of 
^'omiting and diarrhea with resulting deln'dration. However, each kidne3' 
weighed 300 gm. and there was acute degeneration of tubular epithelium and 
some interstitial edema. A diagnosis of nephrosis is ob^dousl3’' correct. To 
classif3’- the nephrosis as cholemic is pennissable, but perhaps inadequate. That 
there Avas circulatory collapse in this case was evidenced b3’' the extremeh' low 
blood pressure which reminds one of the Avoi’k of Brun and lOiudsen and their 
co-workei-s at Copenhagen (J. Clin. Investigation, 25: 568-574, 1946) in which 
unmeasurabl3'' low blood pressure values Avere produced by the passhe erect 
posture and folloAA-ed by post-s3Ticopal oliguria. In this case the output of 
urine Avas extremebA'" Ioav and there seems to be little doubt that the diminished 
glomerular blood floAV and capillary blood pressure Avith the associated diminution 
in peritubular’ circulation resulted in anoxia and renal ischemia. As to AA’hether 
the term “hepatorenal s3Tidrome” might appl3' in this case, the ansA\er can 
onbv be that the term is a A’ague pathologic concept AA'hich probabl3' should 
not be emplo3’^ed Avhen jaundice is present. 

“Tire final diagnoses AA'ere chronic relapsing pancreatitis, portal cirrhosis and 
lipoidosis, and cholemic nephro.sis.” 



EDIT0RL4L 

The Fukctioxs of the Coxxective Tissue 

In recent j^ears, increasing attention has been devoted to tlie im'estigatiori 
of the specific pliysiologic functions of the connective tissue, factore which affect 
its activity, and chemical and pathologic changes which are found associated 
with it in various disease processes. 

Besides its role as a supporting structure, the connective tissue has Ix^en 
described as a semipermeable barrier between the canalicular vessels and the 
parenchymal cells, as a depot for the .storage of nutrient materials and as a 
regulator of the water and salt balance of the body. In addition, plastic and 
protective activities, such as healing of wounds, and antibody formation, have 
been considered as functions of this tLssue. 

Extracellular substances found in the space between the blood vessels and the 
parenchymal cells arc believed to be products of mesenchymal cellular activity. 
Several of these .substances have been isolated and their properties partly iden- 
tified. The gi’eater portion of the protein component of connective tissue ha.s 
been found to consist of collagen; elastin and reticulum arc also prc.sent. Chon- 
droitin sulfuric acid and Irealuronic acid are the most extensively studied polysac- 
charides; other sulfmic acid esters of poh^sacchaildes have been described by 
Dr. Karl Mej^er and others. 

Hj^aluronic acid has been isolated in significant quantities from sjTiovial fluid, 
aqueous and vitreous humoi-s, Wharton’s jelly and skin. Hyaluronic acid is 
also present in the capsules of certain streptococci, and is believed to be pre.sent 
in the jelly-like material surrounding the ovum as it is extruded from the ovaiy. 

Hj^aluronidase, which depolymerizes hyaluronic acid, cccui-s in the mammalian 
testis, eye and skin, many pathogenic bacteria, poisonous in.sects, leeches and 
snake venoms. This enzj-me complex is believed to be prc.sent in an inactive 
form in the skin. Hyaluronidase is identical with the “spreading factor” of 
Duran-Re^mals and can be demonstrated to increase the area of spread of in- 
tradei-mally injected particulate substances such as India ink, dyes, viruses and 
bacteria. This action is the result of depohnnerization of the gel-like Irealuronic 
acid in the connective tissue. 

Main' factors have been reported to influence the composition and activity 
of the connective tissue. Among these, sex, age, hereditaiy background and 
hormonal influences have been listed. Also, the Russians claim that a serum 
knoATO as anti-reticular cj'totoxic serum, which they have prepared is capable of 
altering the composition and function of the connective tissue. Preliminary 
studies in this country and in England have not entirely fulfilled early therapeutic 
e.xpectations of this serum. 

In recent years, many intere.sting concepts have emerged from studies of 
mesenchymal di.sea.«es. ' Klemperer, Pollack and Baehr have emphasized that 
the connective tissue is the ti.ssue piimarily involved in the so-called dilTuse 
collagen diseases. The latter include dis-seminated lupus eiythcmatosus, scle- 
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roderma and rheumatic fever. These authors have pointed out that the response 
to certain noxious stimuli maj' be collagenous rather than cellular {e.g., keloid 
formation). 

Rich has postulated that anaph3dactic hj^persensitivity ma}”- be a factor in 
the development of the tj'iiical lesions of a variet3’- of mesenchymal diseases. 
This view is supported b3’’ the work of Rossle and of Jaeger who pointed out 
that fibrinoid degeneration is a constant and characteristic feature of diseases 
of allergic or pathergic t3’pe. Sel3'e and others consider that certain endocrine 
factoi’s, especiall3’’ those involving the pituitar3"-adrenocortical axis, may be 
important in the pathogenesis of certain connective tissue diseases. Setye has 
succeeded in the experimental production of Aschoff nodules, lesions t3Tiical 
of periarteritis nodosa and lesions suggestive of rheumatoid arthritis, by ad- 
ministration of large doses of deso.x3’^corticosterone acetate. 

These investigations would seem to deal with influences affecting a common 
biologic S3''stem. It is believed that stud3’’ of the basic chemistr3' and physics 
of the coimective tissue will further elucidate the behavior of this tissue in health 
and disease and in the correlation of available information. The observation 
of Watson and Pearce on pretibial myxedema, reported in the current issue 
of the Journal, is a step in this direction. 

Coordix.\'tion op Cancer Research 

In this issue of the Jouimal, Simpson, in a paper on “Progress in Cancer Re- 
search”, biiefly summarizes some of the principal present research on cancer. 
The author visited man3’' cancer research centei’s in the United States where 
he studied the data with the investigators themselves. As a result of these 
visits, he has pointed out the need for correlation of the findings of all cancer 
investigators. The sponsor of this stud3’’ was the Charles F. Kettering Founda- 
tion of Dayton, Oliio. For man3’^ 3mars, Dr. Kettering has exhibited a liveb’’ 
interest in medical research in general and his present interest in the cancer 
problem should be welcomed b3’ all Avorkers in this field. He believes that if 
some of the modem methods of group engineering were to be applied to cancer 
research, the solution of the cancer problem might well be hastened. 

It is generally recognized that there is too great a tendenc3’’ for research ivorkers 
to direct their interest entirel3’’ to their oaati particular sphere of the problem, 
to the exclusion of other related aspects. Cancer has so man3’^ highb' complex 
facets that no single research worker or single group of investigators can possibb' 
deal adequateb’' with all of them. Concerted effort on the part of many groups 
of research workers on a Avorld-ivide scale should result in further significant 
advances in our knowledge of cancer. 

Constant correlation and integration of the findings of all research groups 
in cancer through a central agenc3’^, such as the new World Health Organization 
of the United Nations, Avould certainly be a constnictive development. 
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A Laboratory Manual of Physiological Chemistry. Ed. 6. By D. Wpjght Wilsox, 

Benjamin Rush Professor of Physiological Chemistr\', University of Pennsylvania. 

275 pp., 3 tables. S2..50. Baltimore: The Williams & Wilkins Company, 1947. 

This laboratoiy manual, nov.- in its sixth edition, was first published in 1928 and is de- 
signed for medical, dental and veterinary students of physiologic chemistrj'. While the 
manual is “arranged for students familiar Avith elementary inorganic, theoretical and 
organic chemistry'”, some of the introductory' experiments preclude this premise. On 
the whole, the experimental material exceeds that which can be covered in most courses 
of physiologic chemistry-. 

The experiments on biologic fluids, such as saliva, gastric juice and milk, include all 
classic material. The quantitative work on blood is prefaced with good descriptions of 
and directions for both y-isual and photo-electric colorimeters. The quantitative blood 
methods described are quite inclusive. There are appropriate sections on the composition 
of tissues, such as bone and muscle. The e.xperiments on bile might better have been in- 
cluded with the digestive fluids, rather than immediately preceding the section on urine. 
The division on metabolism might have been improved by the inclusion of specified diets, 
rather than by placing reliance on the student’s choice and computation, in order that the 
general urinary picture of the effects of foodstuffs might be observed. 

In general, the emphasis on ph 5 'sical chemistiy (colloids, pH, spectroscopic examination 
of blood pigments) is much in evidence, yet a proper discourse on the salting out of proteins 
as a colloidal phenomenon is lacking. A rather large number of biochemical preparations 
is included although some are of doubtful value in elementary- physiologic chemistry for 
medical students. The vitamin-deficiency- experiments on animals serve to round out 
the volume. This laboratory manual is someyvhat beyond the needs of most courses in 
phy.siologic chemistry- in quantity, but not in quality. 

Detroit Arthub H. SinxH 

Penicillin in Syphilis. By Joseph E.^rle JIoore, M.D., .Associate Professor of Medicine 

and Adjunct Professor of Public Health Administration, The Johns Hopkins Uniy-ersity. 

319 pp., 57 figs., 52 tables. $5.09. Springfield, Illinois: Charles C Thomas, 1947. 

The fact that penicillin is effective in the treatment of sy-philis has been widely dissemi- 
nated through both the lay and professional press. There has been an urgent need for an 
aulhoritatiy-e statement on its limitations and effectiveness in the various clinical types of 
syphilis, as well as recommended time-dose relationships. Dr. Moore is eminently qualified 
to make such an appraisal of penicillin in sy-philis. As chairman of the Subcommittee on 
Venereal Diseases of the National Research Council and of the Syphilis Studj- Section of 
the National Institute of Health, he has been in charge of both the clinical and e.xperimental 
investigations of penicillin in the treatment of sy-philis. A controlled iny-estigative pro- 
gram on such a large scale is unique in experimental medicine. Forty-four groups and 
clinics participated in this organized nation-wide study- including 4 installations of the 
United States .4.rmy, 1 of the Navy, 13 United States Public Health Service Rapid Treat- 
ment Centers and 26 civilian clinics. In addition, S laboratories of experimental syphilis 
are cooperating. 

This monograph represents the first authoritative and sy-stematically presented state- 
ment on how best to emploj- penicillin in the several stages of sy-philitic infection. It is 
recognized that frequent revision yvill be required to maintain it up-to-date. This mono- 
graph yyill supply the basic principles on yvhich the evaluation of penicillin must be made. 
It yvill be up to the physician to keep informed of rapid future developments through the 
medical literature in periodicals. However, on the basis of an understanding of the sound 
analyses of both clinical and experimental work reported in this monograph, he yvill be in a 
better position to separate the “yvheat from the chaff”. This monograph consists of 19 
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chapters. The first 8 are devoted to fundamental information concerning the chemistry, 
pharmacology, therapeutic activity' as determined through experimental animals, and 
the mechanism of action of penicillin. Penicillin cannot be used intelligently' without a 
clear understanding of this fundamental information, not only in syphilis but in infectious 
diseases in general. 

Dr. Moore emphasizes that this monograph is not intended to replace, but simply to 
supplement, his larger and earlier text. The Modern Trealmenl of Syphilis. The intelligent 
use of penicillin in sy'philis depends on an understanding of the fundamental, underly-ing 
problems of the biology' and prognosis of sy'philitic infection itself. 

The collected experiences in the use of penicillin clinically and the author’s recommenda- 
tions for dosage to be employ'ed are discussed in Chapters 9 to 17. A chapter is devoted to 
the treatment of early syphilis, arsenic-resistant early' sy'philis, latent sy'philis, benign late 
syphilis, cardiovascular, ocular, prenatal and congenital sy'philis and neurosy'philis. The 
treatment of early' syphilis and neurosyphilis is very thoroughly discussed. The concise 
summaries at the end of each of these clinical chapters are the most authoritative state- 
ments available to the physicians’ questions on how to use penicillin most effectively in 
such cases. This book should be a “must have” for all physicians who treat syphilis. 

Detroit L. W. Shaffer 

Die Hormonversorgung dcs Foetus. By Dr. Jules Samuels, Chirurg Frauenzart Spezial 

Arzt fiir endogene Endokrinotherapie, Amsterdam. 320 pp. 2 figs, Leiden: E. J. 

Brill, 1947. 

The author presents a review of the world’s literature, with 544 references, on gonado- 
tropic substances and concludes that these hormones are vit.ally' concerned with the 
regulation of fetal development. The maternal hy'pophysis is the only source of the gonad- 
otropins during the first weeks of pregnancy'. After the ovum has successfully embedded 
itself, this function is taken over by' the chorionic villi. While gonadotropic hormone 
activates fetal cell divisions, the further growth of the fetus depends on the luteinizing 
factor. The latter is secreted exclusively by' the pituitary' eosinophilic cells which become 
hy'perplastic while the number of the basophilic cells, which are the source of the follicle 
stimulating principle, diminishes. Samuels contends that the luteinizing factor is identi- 
cal, not only' with the growth hormone, but also with the thyroti-opic hormone. 

The book will be useful as a literary review on gonadotropins during pregnancy' even 
though it is disappointing to those who from the title of the book had hoped for a clarifica- 
tion of a controversial subject by' original chemical, e.xperimental or clinical facts. 

Wichita, Kansas C. A. Hellwig 

.Charlcs-Edouard Broicn-Scqvard. A Nineteenth Century Neurologist and Endocrinologist. 

By' J. M. D. Olmsted, IM.A. (O.xon.), Ph.D., D.Sc., Professor of Phy'siology', Univ'ersity' 

of- California. 253 pp. $3.00. Baltimore; The Johns Hopldns Press, 194C. 

This biography' of the famous nineteenth century' investigator, Charles-Edouard Brown- 
Sdquard, is .a compilation of three papers given in the Hidey'o Noguchi Lectures at Johns 
Hopkins University' in February 1946. The lectures engagingly tell the story of this inde- 
fatigable worker. The account of his numerous travels, often taken in flight from seem- 
ingly' intolerable conditions, and the record of his hopes, fears, ambitions, loves, jealousies 
and foibles are well told. 

While his later work on himself in an attempt to regain y'outhful vitality by means of 
injections of testicular extract is well known, it is not so well known that this tendency to 
work on himself characterized his whole professional career. Early experiments on himself 
involving recovery of gastric juice with a sponge led to the habit of rumination which proved 
to be embarrassing throughout his life. 

For his work on the nervous system, he will always be remembered; it is inconsequential 
that his work on epilepsy was unsound. It does not matter that he exaggerated a few 
favorite theories; it was part of the humanness of the man. Even though he died five years 
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after starting the testicular extract injections for which he claimed rejuvenating powers, he 
succeded in focusing the attention of the medical world on the endocrines. 

As teacher, research worker, physician and professor, he was known in England and 
America, as well as in France. As often as not, he failed to fulfill the expectations of those 
who attempted to woo him away from his original love, physiologic research. Finally, with 
the death of Claude Bernard in 1878, Charles-Edouard Brown-Sdquard succeeded to the 
Chair of ^Vledicine at the College de France, the most prominent position in French sci- 
entific circles. With the help of d’Arsonval, the aging scientist was able to carry* out the 
research and give the lectures which his eminent position required, until his death on 
April 1, 1894. Even in his last illness, he could not forego the habit of making observations 
on himself, for he noted daily the progress of the vascular lesion to which he eventually* 
succumbed. 

Physiologists, medical students and ph 5 *sicians alike will enjoy* this biography*. 

Detroit L. J. B.^ilev 

X-ray Diffraction Studies in Biology and Medicine. By Moxa SpiEGEiy-AnOLF, M.D., 

Professor of Colloid Chemistry- and Head of the Department of Colloid Chemistry; and 

George C. Hermy*, M.D., Professor of Jledical Phy'sics and Head of the Department of 

Physics, Temple University School of Medicine. 215 pp., 86 figs., 12 tables. $5.50. 

Xew York: Grune and Stratton, 1947. 

Perhaps the best index of the high character of tliis book is to be found in a consideration 
of the authors themselves. Dr. SpiegeI-.4dolf has turned out much original work of out- 
standing quality* and Dr. Hermy* has long been known for the excellence of his researches, 
largely* in the field of radiology. It would be difficult to choose a more suitable team to 
cover the borderline field where radiology* overlaps chemistry and cy*tology. A third 
personality* who is mentioned by the authors in their preface as ha\'ing been of great as- 
sistance to them is Dr. W. Edward Chamberlain who has a special genius for helping others 
turn out excellent research. 

The book is not too technical for the average phy*sician to enjoy*. It begins with an intro- 
duction which gives a brief but adequate history* of the method and some general ideas as to 
its practical applications. This is followed by* a brief outline of the theoretical aspects 
%vhich, like many* other parts of the book, are very cleverly* abstracted. A beginner can 
get enough from this and the other technical chapters to have a working idea of the method 
and its underly*ing theoretical principles, without being burdened by* a mass of e.xact theory* 
which might cause him to give up vith the feeling that the method is bey*ond him. 

A person trained in diffraction work may be a bit startled to find that Chapter 3 entitled 
‘•'Interpretation by X-ray Diffraction Patterns” is only* nine pages long. However, this 
brief section carries enough of fundamental truth to permit the beginner to gain a satis- 
factory* idea of a subject concerning Avhich many* volumes have been written. 

There follow approximately 140 pages of direct application of the method and the tech- 
nics to specific substances, such as carbohydrates, proteins and lipid substances and specific 
structures which are of fundamental and direct importance in all of the biologic sciences, 
including medicine. Anyone familiar with the microscope and its limitations can easily* 
learn how the diffraction method can be used to ad%*antage to e.xtend his observations 
beyond the range of the microscope. 

One of the most important features of the book is the splendid bibliography* which char- 
acteristically has been well chosen. 

The binding, paper and format are of excellent quality. The type is clear and free of 
errors. The illustrations are %vell chosen and clearly* reproduced. 

The book offers an e.xccllent beginning for any*one planning to enter the field, and an 
excellent survey for others, not engaged in this work, who wish to learn what is being done 
and what can be done by the diffraction method. 

Detroit K. E. Corrig.‘X 



NEWS AND NOTICES 


Tennessee Society of Pathologists 

The Tennessee State Society of Pathologists was formed April 9, 1947, at a meeting of the 
State Medical Association in ^Memphis. Fourteen pathologists attended the organizational 
meeting. The Societj' plans to hold meetings at least once a year with a program of sci- 
entific papers and post-graduate instruction. The following officers were elected: Dr. 
Alfred Golden, jMemphis, president; Dr. W. A. DeMonbreun, Nashville, vice president; and 
Dr. T. C. hloss, Memphis, secretar 3 ’--treasurer. 

Society fob the Study of Arteriosclebosis 

The organizational meeting of The American Society for the Study of Arteriosclerosis 
was held June 9, 1947, at 9:00 A. M., at the Hotel Strand, Atlantic City, New Jersey. The 
organizing committee was composed of four clinicians; Dr. G. R. Herrmann, Galveston; 
Dr. R. A. Katz, New Orleans; Dr. W. B. Kountz, St. Louis; and Dr. J. B. Wolffe, Phila- 
delphia; and four experimentalists: Dr. G. L. Duff, Montreal; Dr. H. Goldblatt, Los 
Angeles; Dr. W. C. Hueper, New York; and Dr. I. H. Page, Cleveland. Clinicians and e.x- 
perimentalists interested in an intensified investigation of all phases of this disease are 
invited to join the organization. All inquiries should be addressed to Dr. 0. J. Poliak, 
Wilmington General Hospital, Chestnut and Broom Streets, Wilmington 14, Delaware. 

Society for the Study of Blood 

The American Society for the Study of Blood held its organizational meeting June S, 
1947, at 1:30 P.M., in the Hotel Claridgo, Atlantic Citj% New Jersey. The purposes of this 
organization are to further the studj^ of blood and to disseminate knowledge concerning 
clinical hematology, blood grouping and blood and plasma transfusions. The membership 
is open to individuals who arc actively engaged in this field or who devote a significant por- 
tion of their time to it. 


Certification of Dental Specialists 

The Council on Dental Education of the American Dental .A-ssociation has announced the 
requirements for certification of dental specialists in the following five fields of dental prac- 
tice; oral surgerj', orthodontics (teeth-straightening), pedodontia (children’s dentistry), 
periodontia (treatment of gum diseases) and prosthodontia (artificial dentures). Follow- 
ing the same general pattern used in the certification of medical specialists, the Council 
urged that the certification of dental specialists be national in scope and under the volun- 
taiy control of the professional groups involved. The American Board of Oral Surgery and 
the American Board of Orthodontics have already been established, while the remaining 
three specialties will establish boards in the near future. 

Personals 

Dr. Paul A. Van Pernis, pathologist and director of laboratories at Buttenvorth Hos- 
pital, Grand Rapids, Michigan, was formerly a resident in pathology at St. Luke’s Hospital, 
Chicago, and was not the pathologist at that hospital, as erroneously stated in the Febru- 
ary issue of the Journal. 

Dr. Everett L. Bishop has been promoted from Associate Professor of Pathology to Pro- 
fessor of Pathology (Neoplastic Diseases) at Emory University School of Medicine. 
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E^'ALUATIOX OF ^'OLU]METRTC DATA OBTMXED BY 
GEXTPvIFUGATIOX OF ASPIRATED STERXAL 
ADVRROY' OF ADULTS 

I. Estbla-ttojc of RELATn-E Fat Coatext* 

LAWRENCE BERALAN, axd ARNOLD R. AXELROD, il-D. 

From the Deparlrnent-s of Pathology and Medicine, Wayne University College of 
Medicine, and the Anemia Laboratory, Out-patient Department 
Harper Hospital, Detroit 

The value of volumetric data obtained by centrifugation of aspirated sternal 
marrow by the method of Schleicher and Shaip" has been pointed out by several 
authors.^' The literature contains few references to data of actual obser- 
vations in normal and pathologic conditions/’ The fat content of sternal 
marrow of adults varies in different clinical conditions (see Figs. 1 and 2). In 
order to deteimine the relative fat and cell content of aspirated sternal marrow, 
it was necessary for us to evaluate the volumetric data obtained by centrifugation 
of sternal mairow in adults. In this paper, we wi.sh to state the results of a studj’- 
of the relative fat content of such material. 

^L\TERL^.L AND METHODS 

The aspirated sternal mairow material was anal3'zed from 62 patients. The 
diagnoses of these patients were as follows: cirrhosis of the liver, 17 cases; per- 
nicious anemia, 10 cases; anemia of imdeteimined origin, 6 cases; carcinomatosis, 
5 cases; noimal individuals, 4 cases: chronic microcj-tic hj-pochromic anemia, 
3 cases; leukemia, 2 cases; multiple mA'eloma, 2 cases; macroc3dic nutritional 
anemia, 2 cases; puniura hemorrhagica, 2 cases; sicklemia, 13011 iihoblastoraa, 
acute gastritis, tuberculosis, lobar pneumonia, agranuloc3'tosis, ovaloc3'tic 
anemia, aplastic anemia and hemocliromatosis, 1 case each. The volumetric 
data were obtained as pre\oousL described.-' The sections of the particles 
of aspirated marrow were prepared b3' the methods described Im' S chleicher ^ and 
modified b3' Beiman and Axelrod.- The relative area occupied 113- fat in the 
sectioned material was estimated vith the aid of the Yliipple e3'epiece microm- 
eter,-' ^ as shown in Figure 3. Xo attempt to calculate the actual fat content 
of the samples was made, since the factors of shrinkage or distortion of tissue 
b3' fixation cannot be accounted for irith absolute accurac3A The figures arrived 
at are relative estimates, not absolute values. 

Since all of the particulate material which was obtainerl in each case was pre- 
pared for sectioning serialh' at a thickness of from G to S microns, error due to 
sampluig was eliminated. Xeverthele.=s, a stiuh* was made to deteimine what 
differences, if an3', m the estimates of fat area in the .sectioned material occurred 
as a I'csult of averaging 10, 50, 100, or 200 consecutive estimates of fat content 

* Received for publication, .Vpril 22, 1947. 
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TABLE 1 

Cojir.AHiso.v OF EsTiaiATJSs OF Pat Context Based ox a Stedt of the First ax’d Second 

Consecutive Groups of Fifty Fields 

Per Cent Fat in Sections 



* Percentage difference between estimates based on study of first (I) and second (II) 
consecutive groups of 50 fields, calculated by the formula: 


Difference (I — II) 
Estimate I 


X 100 


TABLE 2 

Comparison of Estimates of Fat Content Based on a Study of Identical Fields by 

Two Different Obsertors 

Per Cent Fat in Sections 


0 

5 

3 

6 
1 

4 

4 
10 

6 

5 

* Percentage difference between estimates by two different observers, L. B. and A. R.A.» 
calculated by the formula : 

Difference (L. B. — A. R. A.) 

Estimate (L. B.) 

of microscopic fields. Every tenth field ivas studied. It was found that the 
estimates based on 10 fields did not differ .significant!}' from those based on 200 
fields. Table 1 shows the results of a comparison of estimates of fat content of 


PER CENT DirrERENCE* 


CASE 

OBSER\'ER L. B. 

OBSER\TR A. R. A. 

1 

0.7 

0.7 

2 

14.5 

15.2 

3 

14.6 

15.0 

4 

1 22.9 

21.9 

5 

27.6 

' 27.7 

G 

1 28.6 1 

! 29.7 

7 

30.6 I 

28. 6 

S 

35.6 

39.1 

9 

37.2 ! 

.39.4 

10 

37.9 

39.9 


Fig. 1 . Photomicrograph of section of marrow particles from a moderately fatty marrow. 
Fig. 2. Photomicrograph of section of marrow particles from a cellular marrow (same 
magnification as Fig. 1). 
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the sectioned material based on a stud 3 ’- of the fii-st and second consecutive "-rouns 
of 50 fields. 

Since the differences observed v'ere less than 10 per cent, the estimates used 
in this studj^ were based on obseiwation of 100 fields, although 50 fields would 
have been adequate. Because single fat spaces usuall.y occiipj-- more than one 
ruled square of the '\^'liipple disc (Fig. 3), it is necessarj^ to estimate fractions of 
fat co^^ered squares. The pos.sibilit\' of personal error due to variance in estimat- 
ing such f]-actions was considered. Hence, a sun'e.y was made to determine the 
magnitude of such variation among the results obtained b^^ the two present 
authors (Table 2). 



Pliotomicrograpli showing appearance of field with superimposed 
Whipple eyepiece disc. 

DISCUSSION 

The results of the comparison between estimates of relative fat content of 
aspirated sternal marrow obtained bj'^ the volumetric method and those obtained 
b 3 ' stud 3 ' of the sections of particles of marrow are indicated in the chart (Fig. 4). 

Schleicher’s® stud 3 ’' of 12 health 3 ' males, between the ages of 18 and 40 3 'ears, 
3 'ields a range of from 0.5 to 3.0 per cent of fat as determined by the volumetric 
method. It has been stated that pathologic fat metabolism maA' be detected 
b 3 ' the volumetric method.® Limarzi, Jones, Paul and Poncher ’ found a mean fat 
volume of 3.2 per cent in 10 normal pemons, and a range of mean volumes of 
from 1 .5 to S.4 per cent in various pathologic conditions. Moo.snick, Schleicher 
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and Peterson^ found a fat volume of 10 i)er cent in a patient with Addisonian 
pernicious anemia Avho was i-efractor 3 " to liver extract therapy. After treatment 
with intravenous choline chloride there was a rise in the erx’ihrocj'te and hemo- 
globin levels, preceded hy reticulocyto.sis, and a reduction of the fat volume to a 
level of 1 per cent. 

It can be stated that the volumetric method of determining relative fat content 
of aspirated sternal marrow is suitable for veiy crude estimates, but the section 
method is necessary* for determining relative fat content vith greater accuracj*. 



O 05 CO 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 

FAT VOLUME V. 


Scatter diagram illustrating relationship between estimates of fat content of aspirated 
sternal marrow based on volumetric data and observations of sections of marrow particles. 
Four points are not charted. They are: 7.0, 37 .8; 7.5, 38.6; S.0, 74.4; and 49.0; 9S.0; forfat 
volume per cent, fat area per cent, respectively. 

Thus, our material shows that if volumetric readings of 2 per cent or le-ss fat are 
obtained, SS per cent of the samples .show a relative fat content of 35 per cent 
or I0.SS by area and, if volumetric readings of 2.5 per cent or more fat are obtained, 
90 per cent of the samples show a relative fat content of over 35 per cent by area. 
However, if more accurate anah\si.s of fat content is required, the volumetric 
readings are not reliable indices, as is shown by the large variance of re.sults ob- 
tained for any single volumetric level (Fig. 4). For e.xample, the data illu-strated 
for volumetric readings of 1 .0 per cent fat show a range from 3.4 to 2S.8 per cent 
fat as detei-mined by the section method; for vohunetric readings of zero fat, the 
sections Tueld a range of from 0 to 27.0 per cent fat . Similar wide ranges were 
obser\'ed for other individual volumetric readings. 
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The use of sucli data, 'whether obtained b}’- volumetric analysis or the method 
of examining sections of marrow particles, as outlined above, must be based on 
the determination of similar data in normal individuals of suitable age and sex, 
Avith rigid adherence to standardized methods of processing the material. 

SUMilARY 

An evaluation of volumetric data regarding the relative fat content of aspirated 
sternal maiTOAV has been carried out b3’ comparing the results obtained bj-- centrif- 
ugation of the marrow sample Avith those obtained b 3 ’- examining sections of 
marroAA' particles. 

It has been shoAAm that the Amlumetric method is useful for crude estimates of 
relative fat content of samples of aspirated sternal marroAv, but that it is not 
satisfactoiy for determining smaller Amriations of fat content. hlarroAv samples 
Avith fat Amlume percentages of 2 per cent or less 3deld fat area percentages of 
35 per cent or less in approximate^’^ 90 per cent of the cases; marroAv samples with 
fat A’clume percentages of 2.5 per cent or more 3deld fat area percentages of over 
35 per cent in 90 per cent of the cases. However, the range of estimates of fat 
area percentages based on sectioned material, for any giA’en A’oliimetric deter- 
mination, is A’’er 3 '- large. 

For estimation of relative fat content of aspirated steraal marroAv, the com- 
bined use of volumetric data and sectioned material is superior to the use of 
volumetric data alone. 
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EYALUATIOX OF VOLUMETRIC DATA OBTAINED BY 
CENTRIFUGATION OF ASPIRATED STERNAL 
]MARROW OF ADLT.TS. 

II. EsTOU-TIOX of Cellulapjtt of Sterxal ]\L\RR0W* 

LAWRENCE BERMAN, M.D., axd ARNOLD R. AXELROD, AI.D. 

From the Departments of Pathology and Medicine, Wayne University College of Medicine, 
and the Anemia Lahoratory, Out-patient Department, Harper Hospital, Detroit 

In a previous conununication- an evaluation of the estimation of relati%^e fat 
content of aspirated sternal marrow of adults was presented. In this paper we 
wish to state the results of a stud}* of the relative cellularity of samples of such 
material. 


JLVTERLVL AXD METHODS 

The sternal marrow data and material from the group of 62 cases pre^*iously 
analyzed for fat content- were used in the present study. Our objective was to 
determine whether there is a significant correlation between the height of the 
nucleated cell layer in the centiifuged specimen (myeloid-erjdhroid volume, 
M-E volume') and the degree of cellularity as estimated by inspection of the 
sections of particles of marrow from the same sample. It was observed that, in 
general, the areas occupied b}* cellular tissue in the sections are the approximate 
reciprocals of the areas occupied by fat. In some marrows, however, the non- 
fatt}’ tissue in the sections is made up of vascular spaces, degenerated or “empty”, 
gelatinous man'ow spaces, fibrous tissue, or focal areas of necrosis. Accordingly, 
such marrows M'ere not used for this study. This is justifiable becau.se the ques- 
tion to be answered is, “Does the nucleated cell volume (M-E volume) of centri- 
fuged aspirated sternal marrow provide an index of the cellularity of the sample 
of ms?row?” If it does, the nucleated cell volumes and the cellularity of the 
sectioned material should be correlative. The relative cellularity of the sections 
(cellular area per cent) was calculated as the difference between the total area and 
the fat area in per cent as previously determined - in 36 cases. 

DISCUSSION 

The results of the comparison between the estimates of relative cellular content 
of aspirated sternal marrow obtained b}* the volumetric method and those ob- 
tained by study of the sections of particles of marrow are indicated in Figure 1 . 

The desirability of obtaining quantitative data from aspirated marrow 
has been stated by various authors.®’”'^" Many papers contain references 
to the !M-E volume of centrifuged material in normal and diseased per- 
sons®’ c. 7. s, 9, 10 , 11 . 12 . 13. 15 there has been little discussion of the reliability 

of such data. Reich and Ivolb^^ stated: “The cellularity of the marrow can be 
estimated rough!}* by doing a total nucleated cell count on the aspirated mixture 
or by examining the thickness of the buffy coat on the centrifuged specimen.” 

• Received for publication, May 7, 1947. 
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Tlie}”^ point out that in doubtful cases sectioned material obtained bj’ trepliine of 
the -sternum is necessaiy to supplement the infonnation derived from stemal 
puncture. As we have shown, satisfactoiy material for preparing histologic 
sections ma}’^ be obtained bj' aspiration.* • The interpretation of the M-E 
volume has been commented on bj' Hebbel,"* who stated that it was of limited 
value in an}^ one instance, since it will varj"^ not onl}’^ with hyperplasia and lypo- 
plasia of the marrow but with the amount of sinusoidal blood which is obtained 
at aspiration. Isaacs® is of the opinion that sections are indispensable for de- 
termining the architecture and arrangement of the bone marrow, as well as the 
determination of the relative distribution of fat and cellular tissue. 



NUCLEATED CELL VOLUME % 

Fig. I. Scatter diagram illustrating relationship between estimates of cellular content of 
aspirated sternal marrow based on volumetric data and observations of sections of marrow 
particles. 

On the other hand, in a study of human sternal bone marrow in hj^pertlyroid 
and my.vedematous states, R. iM. Jones® made e.vtcnsive use of volumetric data 
in an attempt to reveal the changes in cellularity of the marrow in various pa- 
tients with abnormally low or liigh basal metabolic rates, as compared with his 
observations on normal individuals. In 18 noiTnal mdividuals, he found a mean 
M-E volume of 6.2 per cent. In 1 2 persons with h 3 Tierthyroidism, this value was 
13 5 per cent, and in 7 pei-sons with ht'pothtu oidism the value was 2.4 per cent. 
The author concluded that in hv'perthyroidism the marrow is h 3 ’^perplastic, and 
that in h 3 "poth 3 Woidism the raairow is lypoplastic. However, in his Chart 4 
showing the effect of thi’roid therap 3 ' on Ii 3 -poth 3 Toid man-ow (5 cases illustrated), 
three out of eight aspirations fi'om patients with pathologicalh' low basal meta- 
bolic rates 3 'ielded M-E volumes within the range he detennined on normal 
individuals. In his Chart 5 showing the reaction of h 3 'perth 3 'roid marrow to 
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withdrawal of thyroid stimulation (4 cases illustrated), one of five aspirations 
from patients udth pathological!}' high basal metabolic rates yielded an iSI-E 
volume within the range of his normals. Although the mean M-E volumes from 
hypothyroid and h 3 'perthyroid patients were lower than normal, and higher than 
normal, respectively, it is doubtful whether the conclusions made by Jones 
are justified, because the range of values was ignored. 

Figure 1 indicates that the mean cellular area perceiltage in the sections of 
marrow particles in cases jnelding M-E volumes of 10 per cent or less, is 69.2 per 
cent, and that the mean cellular area percentage in the material AueldingM-E 
volumes over 10 per cent is S3 per cent. However, the range of cellular area 
percentages based on sectioned material, for any given volumetric determina- 
tion, is ver\' large. For example, the data illustrated for volumetric readings of 
0 to 5 per cent M-E layer .show a range of from 51 to 87 per cent cellular area as 
determined by the section method; for volumetric readings of 21 to 25 per cent 
AI-E layer, the sections yield a range of from 69 to 97 per cent cellular area. 
Similar wide ranges were observ'ed for other volumetric readings. In other 
words, a low mean -M-E volume is indicative of a relatively low mean? cellularity 
of the sample, and a higher mean M-E volume is indicative of a relatively higher 
mean cellularity. Nevertheless, for any given case there is too great a range of 
possible M-E volumes to permit the use of these data as indices of relative 
cellularity of individual marrow samples. However, in clinical studies in which 
the values of mean AI-E volumes of groups of cases are subjected to statistical 
analysis (which indicate the range of values observed), the information ob- 
tained by volumetric methods may be useful. 


.SrMil.VRY 

An evaluation of volumetric data regarding the relative cellularity of samples 
of aspirated sternal marrow has been canied out by comparing the results ob- 
tained b}' centrifugation with those obtained by examination of sections of 
marrow particles. 

It has been shown that the volumetric method may be useful for estimating 
the mean cellularity of a group of cases, but that the M-E volume, in any single 
case, is not an accurate index of the relative cellularity of the sample. Marrow 
samples with M-E volumes of 10 per cent or less \ielded mean cellular area 
percentages of approximately 69 per cent; marrow samples with M-E volumes of 
over 10 per cent yielded mean cellular area percentages of 83 per cent. How- 
ever, the range of estimates of cellular area percentages based on .sectioned 
material, for any given volumetric determination, was veiy large. 

The M-E volume cannot be used to detennine the relative cellularity of 
individual samples of aspirated sternal marrow, although mean M-E volumes, 
properly analyzed, may be of value in interpreting differences among various 
groups of cases. 
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MODIFIED EOSIN-]METHYLENE BLUE AGAB AS A SELECTR-'E 
MEDIUM FOR THE PRII^IARY ISOLATIOX OF PATHOGENIC 

INTESTINAL BACTERIA=^ 

EDGAR B. TAFT, M.D., axd A. KATHLEEN DALY, B.S. 

From the Mallory Institute of Pathology, Boston City Hospital, Boston 

An unusually satisfactoi^’- solid medium for the examination of stools to deter- 
mine the possible presence of pathogenic intestinal bacteria has been used in 
this laboratorj' for several years. In the past, eosin-methylene blue agar has 
been used only in conjunction with other mediums for the isolation of fastidious 
strains of salmonellae and shigellae, which tend to be inhibited b 3 ^ the more 
strongh' selective mediiuns such as SS (Shigella-Salmonella) agar, desoxycholate 
citrate agar and bismuth sulfite agar. Various methods of increasing the selec- 
tivity of eosin-methjdene blue agar which would not make it more inhibitory have 
been recommended. These usualty consist of the addition of other dyes, such as 
brilliant green (Knox et al.)? The latest modification to appear in the literature 
is that of Felsenfeld and Young^ who recommend the addition of small amounts 
of sodium citrate and picric acid to the basic medium. The method to be dis- 
cussed in this paper is somewhat less complex in that it consists merelj^ in the 
change of pH of the basic medium. 

JL4.TERLU.S AND ^EETHODS 

The basic medium is Levine’s Eosin-Methjdene Blue Agar (Difco) which has 
the following formula: 


Bacto-Peptone 10.0 gm. 

Bacto-Lactose 10.0 gm. 

Dipotassium phosphate 2.0 gm. 

Bacto-.A^gar 15. 0 gm. 

Bacto-Eosin Y 0.4 gm. 

Bacto-Methylene Blue 0.065 gm. 

Distilled water 1000.0 cc. 


According to the manufacturer, the final pH of this medium is approximated 
7.1. The pH is altered before autoclaving hy the addition of normal sodium hj'- 
droxide solution (usualty 1.5 cc. per liter of medium) so that the final pH of the 
agar is approximated S.O. The pH of each new lot of desiccated medium is 
determined electrometricalh", but as a rule little deviation from the above quan- 
tity of sodium hj'droxide solution is found necessaiy'. The medium is poured 
into standard Petri di.shes in amounts not greater than 12.5 cc. per plate. 

To inoculate the agar, a heav}' suspension of the stool is made, usualty in the 
container in which it is received, bj' the addition of a few cubic centimeters of 
saline or broth to an appropriate portion of the specimen. Three to six loopfuls 
of this suspension are streaked on one plate; then two successive plates are also 

* Received for publication, April 17, 1947. 
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inoculated Avithout flaming the loop. The plates are incubated from eighteen 
to twenty-four hours at 37 C. and then examined. Colorless colonies are picked 
(usually from the second or third plate) to determine whether or not the}’- are 
composed of pathogenic organisms. At the time of the initial culture, approx- 
imately 1 gm. of feces is emulsified in tetrathionate broth enrichment medium. 
After incubation from eighteen to tAvent 5 ’--four hours two or three loopfuls of the 
enrichment, including some of the sediment from the bottom of the tube, are inoc- 
ulated on a single eosin-metlndene blue agar plate. If pathogens are recovered 
from theinitial culture, nothing further is donewith this plate. Otherwise color- 
less colonies are picked and identified as in the primaiy isolation. 

TABLE 1 

Comparison of Modified Eosin-jMethtlene Blue (EMB) Ag.a.r with Desoxtcholate 

ClTR.ATE (DG)AgAB 


Number of stools cultured 92 

Total number enteric pathogens recovered 12 

E. typhosa 3 

Strains of Salmonella 8 

Strains of Shigella 1 

Number of enteric pathogens recovered with EMB 12 

Number of enteric pathogens recovered with DC 9* 


* All pathogens recovered selectiA'ely on EMB were strains of Salmonella. 

TABLE 2 

Comparison of AIodified Eosin-I^Iethtle.ne Blub (EMB) Agar with SS Agar 


Number of stools cultured 76 

Total number enteric pathogens recovered 10 

E. typhosa 1 

Strains of Salmonella 9 

Strains of Shigella 0 

Number of enteric pathogens recovered with EMB 9* 

Number of enteric pathogens recovered -ndth SS Agar 9* 


* 1 stool positiA’-e on EMB was negative on SS, and 1 stool positiA'-e on SS was negative 
on EMB. 

In the past, eosin-methylene blue agar modified as descrilied aboA’e A\’as com- 
pared AA'ith Endo’s agar and found to be equally satisfactoiy. Since the foimer 
is easier to prepare and since it can be stored AA'ithout unusual precautions, it 
has been used instead of Endo’s medium. 

Alodified eosin-metlwlene blue agar recentlj' has been compared in this labora- 
tory Avith tAA’o other solid mediums commonly used for primar}’ isolation of in- 
testinal pathogens from feces, desoxycholate citrate agar and SS agar. 

Xincty-tAvo simultaneous cultures Avere made on modified eosin-metlylene blue 
and desoxycholate citrate agars (Table 1). Xot only did the desoxycholate agar 
give consistently poorer results, but also Avas found to be as difficult to prepare 
and to preserA'c for later use as Endo’s medium. With tA\-o stools it gave a 
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better growth of the pathogen than the eosin-methylene blue agar, but frequent!}’' 
plates showed confluent gro\\i:h and many times there was imperfect color differ- 
entiation of the colonies. 

Seventy-six simultaneous cultures were made on SS agar and modified eosin- 
methylene blue agar, SS agar gave as unifoimly good results as did the modified 
eosin-methylene blue agar. The former medium is easily prepared and keeps 
well. Both of the pathogens isolated on but one of these two medixuns as noted 
under Table 2 were group B strains of Salmonella. 

DISCUSSION 

Formerly, when standard, eosin-methylene blue agar plates were read, the 
numbers of pink colonies of indeterminate t}’pes were numerous and hence the 
medium fell into disfavor except for its use in attempts to isolate fastidious 
strains of pathogens. It xvas considered that the pH of the medium might be 
the factor which caused poor color differentiation; hence cultures at various levels 
of pH were made. At a pH of 8.0, it was found that there was little inhibition 
of growth, but that the selective coloring of nonpathogenic colonies was more 
satisfactor}' than at the usual pH of 7.1. At a pH of 8.0, colonies of Escherichia 
coli are uniformly blue-purple with a green sheen. Aerohacler aerogencs grows 
in large, glistening, pink colonies with purple centers. Colonies of the paracolon 
group are usually pale pink to colorless as are those of Proteus mcrganii. The 
spreading species of Proteus are largely inhibited, but slight halos are always 
apparent about their colonies. Pseudomonas aeruginosa grows in deep lavender- 
pink colonies which are usually easily identified. Klebsiella pneumoniae grows 
in large, mucoid, pink colonies, usually vitli blue centers. Gram-positive or- 
gani.sms, if they grow, foim tiny colonies much smaller than those of the gram- 
negative group. The colonies of the pathogens van.' in size. Colonies of strains 
of shigellae are usually smaller than those of salmonellae, but all are pale blue to 
colorless, as are those of Alcaligenes faecalis. Hence -with the initial culture on 
this medium, one rarely picks organisms other than pathogens, organisms of the 
paracolon group, Alcaligenes faecalis and P. morganii. 

As noted above, it is felt that the results obtained Ax-ith S.S agar are as satisfac- 
toiy as those with modified eosin-methylene blue agar. The u-se of the latter, 
hoAveA'er, has certain advantages in a laboraton.- such as this AA'here the majority 
of cultures are not of .stools. To be able to use a medium for the culture of stools 
AA'hich can also be used for the routine identification of gram-negath'e organisms 
from other sources, such as the urine, is a di.stinct advantage. It is belieA’ed that 
the feAver mediums that haA'e to be prepared for routine bacteriologic AA'ork, the 
more unifoiTO they arc likely to be. LikoAA'ise, the fewer mediums that are used, 
the more accurate the macroscopic identification of colonies Avhen plates arc 
examined, after one has become thoroughly familiar AA'ith the mediums in use. 

On the other hand, in a laborator}* AA'here bactcriolog}- is largely confined to 
the study of enteric pathogens, it is believed that the use of SS agar and an en- 
richment medium is probably more satisfactory.^ SS agar can be inoculated 
directly from the stool or from a rectal SA\'ab at the bedside. It requires the use 
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of but one plate. It is also somewhat less expensive (approximately 13 per cent 
cheaper to use). 


SUJIMAJRY 

A new modification of eosin-methylene blue agar is presented and its use as a 
medium for the primarj’- isolation of enteric pathogens is discussed. Its efficiency 
is compared vdth desoxycholate citrate agar and SS agar. It is recommended 
that its use be supplemented by an enrichment mediimi such as tetrathionate 
broth in laboratories where routine bacteriologA'^ is performed. 

REFERENCES 

1. FEiiSEXFELD, 0., AND YouNG, V. M.: New selective medium for the isolation of sal- 

monellae from stools. Am. J. Clin. Path., 17: 13-15, 1947. 

2. IVNOx, R., Geld, P. H. G., and Pollock, M. R.: Selective media for organisms of Sal- 

monella group. J. Path, and Bact., 64: 469-4S3, 1942. 

3. Mallov, jM., Winter, J. E., and Steinberg, F. : SS agar for the isolation of Eberthella, 

Salmonella and Shigella groups from feces. J. Lab. and Clin. Med., 28: 1021-1027, 
1943. 



DILUTION OF CAPILLAHY BLOOD IX THE IMICROAXALYSIS 

OF PROTEIN* 


a2sts:a-:nl\iiy caupenter, ph.d. 

From the Department of Pathology, University of Pittsburgh, and the Children's Hospital 

of Pittsburgh, Pittsburgh, Pennsylvania 

In a study of blood proteins in children with nephrosis, it became necessary to 
devise a technic bj' which determiaations of total protein, albumin and globulin 
could be made on single samples of blood taken by capiUarj" puncture. A satis- 
factorj^ micromethod, wliich utilizes a Bauer and Schenck tube for the dilution 
of blood, was developed for repeated anaRses on the same patient. One-tenth 
ml. of whole blood is added, immediately after its withdrawal, to 2.9 ml. of 0.9 
per cent sodium chloride in the Bauer and Schenck tube. For subsequent hand- 
ling of this diluted blood, a variety of existing methods was tested. Colorimetric 
methods were applicable onl}* to the screening of normal patients from those with 
disease; a semimicro-Ivjeldahl analysis was foimd to be the only accurate method 
for studjing opalescent serums from treated patients. 


PROCEDURE 

The patient should be in an anteprandial state with a limited fluid intake;® 
however, a postabsoiptive state of about four hours is satisfactory'. A 0.02 
per cent dilution of blood or serum in saline may be prepared from blood with- 
drawn by ^'enipuncture, but it is preferable to take each sample of blood directly 
from the patient. 

Into a Bauer and Schenck centrifuge tube, 2.9 ml. of 0.9 per cent saline is 
dehvered slowly from a Koch microburet; about four minutes is allowed for 
drainage. This liquid should not be forced into the capillary base of the tube. 
Keeping the tubes stoppered throughout the procedure prevents both evaporation 
and denaturation. 

Preparing for plasma dilution (P.D.). From a capillary puncture of the finger 
or ear, 0.1 ml. of whole blood is drawn into a Folin pipett and is delivered into 
the saline in the Bauer and Schenck tube while keeping the tip of the pipet above 
the surface of the liquid to prevent any' loss by overflow. After the pipet is 
rinsed with the diluting fluid until clear of blood, the tube is inverted over the 
thiunb and shaken to separate the pla.sma from the cells. It is then placed in a 
'wooden holder and centrifuged for twenty minutes at 2000 R.P.M. The cell 
volume (C.^*.) is recorded by' noting the height of the column of packed cells 
which should be estimated between divisions to 0.001 ml. Calculation: 


P.D. 


0.1 -- C.V. 

3.0 - C.Y. 


* Received for publication, April 14, 1947. 

t Tlie pipet graduated in 1/100 ml., although awkward to handle, gives exact duplica- 
tions in readings of cell volume (C.V.). A variation of 0.001 C.V. gives a difference of 
0.2 per cent of total protein. 
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Of the 2.5 ml. of diluted plasma available for study, 1 ml. is used for total 
protein (T.P.) analysis, vhile a second ml. is available for albumin-globulin 
separation. 

Albiimin-glohulin separation. To 1 ml. of the plasma dilution in a test tube 
is added 4 ml. of filtered 27.5 per cent aqueous solution of C.P. Baker’s special 
anhj'drous powdered sodium sulfate for nitrogen determination.* Then, an 
equal A’olume of washed ether is added to decrease the density of globulin. The 
tube is stoppered tightlj' and shaken vigorously for twenty seconds.^ Following 
centrifugation at 2000 R.P.M. for ten minutes, a thin globuhn pellicle can be 
noted at the interface; a thick pellicle indicates that too little ether has been used. 
A clean 4 ml. volumetric pipet must be emplo 3 ’^ed for each tube to remove the 
subnatant fluid for albumin determination to a Kjeldahl flask. The glnbulin 
is anatyzed, after the ether is poured off, b}’’ quantitativety Avashing the pellicle 
into a Kjeldahl flask. The ether fraction is nitrogen-free. 

Choice of subsequent procedure. Technical details have been worked out 
foi’ onlj' three of the standard methods, the Kjeldahl, a tyrosine colorimetric 
procedure, and an adaptation of the Heidelberger and IMacPherson’^ method 
which measures both tyi-osine and liiuret configurations. Although the Kjeldahl 
method is time-consuming and requires special apparatus, the details of this 
technic are outlined to define the criteria for digestion and distillation. 

Kjeldahl Analysis 

For digestion, the sample is pipeted into a 100 ml. Kjeldahl flask fitted Avith 
a female ground glass joint. Added in succession are: a glass bead to prcA’^ent 
bumping; 1 ml. of digestion mi.vture" (30 gm. potassium sulfate, 5 gm. copper 
sulfate, 500 ml. distilled Avatcr, 480 ml. concentrated sulfuric acid and 0.5 gm. 
selenium metal); and 5 ml. of distilled Avater to Avash doA\-n the sides. Digestion 
on a 6 unit microdigc.stion shelf is continued one-half hour after clearing. 

.-Vn all-glass apparatus!' modified from that of the Pregl steam technic® is em- 
plo3'ed for distillation of the digest in the Kjeldahl fla.sks. The apparatus is 
steamed through Avith distilled AA-ater until 80 ml. is collected. Blanks distilled 
at the beginning and end of each series .should be nitrogen-free (pale A-iolet) and 
thus require no titration. Each Kjeldahl flask is again A\-ashed down AA’ith 5 ml. 
of distilled A\-ater and is attached at the male joint. Ten ml. of 40 per cent 
aqueous sodium h3'droxide prepared from technical flakes is added sIoaaK'; 
distillation into 10 ml. of receiA'ing fluid (5 per cent aqueous boric acid containing 
5 ml. indicator solution per liter of boric acid;® the indicator is 100 ml. 0.03 per 
cent methyl red in 95 per cent eth3’l alcohol and 15 ml. 0.1 per cent alcoholic 
meth3'lene blue) proceeds until 30 ml. is collected at the rate of 10 ml. per minute. 
The distillate is titrated A\ ith X/'70 h3’drochloric acid® fi’om a Koch microburet 
calibrated in 1/100 ml. One ml. of X,70 h3’-drochloric acid is equiA’alent to 

* The solution concentration is 21.6 per cent.* 

t The glass apparatus maj' be obtained from Mr. R. C. Ivurowski, 104 .Jones Street, 
Etna, Pittsburgh 2.3, J’cnns 3 ’l\’ania. 
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0.2 mg. nitrogen. Xormalh* the plasma dilution contains i 0.2 mg. nitrogen. 
Calculations: 

Gm. per cent T.P. = (ml. HCl used to neutralize the sample— 
ml. HCl for blank) X 0.2 X ^ X ^ 


Gm. per cent globulin = same as for total protein 

Gm. per cent albumin = (ml. HCl — ml. HCl for blank) X 

u.o 


X 0.2 X 


100 

P.D. 


X 


6.25 

1000 


DISCUSSION 

Eepeated analyses have been made on more than 100 bloods from patients at 
the Children’s Hospital of Pittsburgh and on 200 samples from normal persons. 
Antibody nitrogens and nitrogen of macromolecular susbtance for experimental 
animal injection Avere determined also. I believe that the accuracy of the method 
is dependent, in a large degree, upon the apparatus employed. With nitrogen- 
free blanks, the accuracy of the Kjeldahl method is determined by the bore of 
the buret tip; if a tip delivers 0.015 ml. per drop, that quantity, in effect, repre- 
sents the greatest accuracy that can be e.xpected. iMacro- and micro-Kjeldahl 
analyses on the same sample of blood were in agieement to within ±0.01 to 0.2 
gm. per cent total protein. 

In anj' ultrainicrotechnic the mathematical factor is magnified by any dis- 
crepanc}’’ in the precision nith which the mea.surements of blood are made. This 
applies to the method under discussion as well as to those methods in which se.nim 
is separated in a capillary- tube. 

Albumin detemiinations were not alwaj's so exact as those of total protein. 
This difference is attributed to the difficultj' in pipeting the subnatant fluid 
without the introduction of some ether. A source of error which presented a 
problem was the increased atmospheric nitrogen due to the presence of animals 
near the room where proteins were being analyzed. Even uncovered urine in 
bottles in the laboratoiy was responsible for an increase in the nitrogen in the 
blanks. 


SU.MMARy 

A technic is presented which introduces a saline dilution of 0.1 ml. of whole 
blood from Avhich total protein, albumin and globulin values may be obtained 
bj' using adaptations of existing methods. 

Acknowledgment : The assistance of Miss Esther Graff, M.T.(.\.S.C.P.). and Miss 
Ruth Flanagan, B.S., is gratefulh- acknowledged. 
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RAPID IMETHOD FOR PRODUCING SUSPENSIONS OF 
FLAGELLAR ANTIGENS AND FOR INDUCING 
PHASE SLTPPRESSION* 

L. R. KUHN, Majoe, Ss.G. 

Prom the Sixth Army Area Medical Laboratory, Presidio of Monterey, California 

A simple procedure for obtaining suspensions of “H” antigens of either phase 
has been used successfully by the -^vTiter. A tube half-full of semisoHd medium 
and T\ith a narrow opening in the bottom, is placed in a tube of broth. Motile 
organisms migrate down from the smdace of the semisolid medium, through the 
opening in the bottom of the inner tube and into the broth. Thus, selection of 
motile forms and their multiplication in the broth occur in the same over-night 
incubation period with no separate handling required. Phase suppression occurs 
when serum of the phase to be suppressed is mixed with the semisohd medium. 
The method differs from others in that the suspensions are available within 
twenty-four hours after preparation is begun,^ awkward manipulations are elim- 
inated, and the assembl}'’ can be stored convenientlj- for immediate use.^-- Only 
ordinary' equipment is required. 


^L1TERIALS 

The following materials are prepared: 

1 . Pieces of glass tubing, 100 x 8 mm., each vith one end softened in a flame 
until it has an opening of 1 mm. or less. Tubing is sterilized with the narrow 
opening down, in test tubes. 

2. Screw-capped test tubes, 12.5 x IG mm., containing 6 ml. of sterile semisolid 
medium.^ 

3. Screw-capped test tubes, 125 x 20 mm., containing 8 ml. of sterile refrig- 
erated trjqjtose-phosphate broth (Difco). 

XtETHOD 

Using heated forceps, insert a piece of the sterile glass tubing into a tube of the 
melted semisolid medium. With the amounts of mediums and sizes of tubes 
given above, the inner tube becomes half-full of medium. The a,ssembh* is 
cooled and then refrigerated just long enough (ten minutes) to congeal the 
medium so that it vill remain inside the inner tube during transfer to a tube of 
broth. Longer refrigeration causes fragments to stick to the outside of the tube 
upon withdraAval. To transfer the inner tube, it is held stationarj- with heated 
forceps, while the outer tube is revolved several times with the other hand. The 
inner tube is then withdravm and placed in a tube of refrigerated broth. With 
the amounts of mediums and sizes of tubes given above, the levels of semisolid 
medium and broth should closeW coincide. If they do not, broth should be 
added or removed witli a 1 ml. pipet until its level is identical with that of the 

* Received for publication, April 4, 1947. 
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semisolid medium in the inner tube. This should be done while the mediums are 
still cold. The assembled tubes may be stored and are ready for immediate use. 
Screw caps minimize evaporation. 

To test a culture for motility and to obtain a suspension of flagellar antigen, 
the surface of the semisolid medium in the inner tube is merel 3 >' pricked with an 
inoculating needle and the assembh’’ is inbubated'. ISTonmotile organisms remain 
at the suidace of the semisolid, whereas motile fonns migrate dovm through it 
and into the broth which becomes cloudy. On the following daj’’, the tubes are 
refrigerated from ten to fifteen minutes to congeal the semisolid medium, and the 
inner tube containing it is then removed with heated forceps and discarded. 
Leakage from the inner tube into the broth during removal does not occur if the 
mediums are cold. An equal quantitj’’ of formalinized saline is added to the 
residual broth before testing for “H” antigens.^ Enough suspension is available 
for ordinarj" purposes and more will be available on the next daj’’ if the broth is 
subinoculated before adding saline. 

"When pliase-suppression is desired, two loopfuls of the serum corresponding to 
the phase to be suppressed are mixed with a tube of the melted semisolid medium 
which has been cooled to 50 C. A piece of the glass tubmg is inserted asepticallj' 
and the same procedui'e is followed as before. Organisms of the suppressed phase 
are retained near the top of the semisolid medium, while those of the alternate 
phase migrate down and out into the broth. 
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USE OF P-NITROPHEXYLPHOSPHATE AS THE SUBSTRATE IN 
DETERIVIINATIOX OF SERUAI ACID PHOSPHATASE^ 

:VLARIE A. AXDERSCH, Ph.D., ant> ADAM J. SZCZYPEsSKI 

From the Department of Medicine, Division of Clinical Pathology, University of 
Maryland School of Medicine and the University Hospital f Baltimore 

The estimation of acid phosphatase in serum depends upon the determination 
of the rate of hydroh'sis of a monophosphoric acid ester in a suitable buffer. 
Disodium phenjd phosphate and sodium gtecerophosphate have been the two 
substances commonly used with the subsequent determination of the liberated 
phenol and phosphate respective^'.- • ’ A procedure for alkaline phosphatase 
has recentlj' been published bj' Bessey, Lo\viy and Brock^ in which p-nitro- 
phenjdphosphate is used as the substrate and the hberated p-nitrophenol is 
determined directh' in a photo-electric colorimeter. The method is recom- 
mended for both the micro- and macro-determination of acid and alkaline phos- 
phatase, but neither the procedure nor normal values is included for the acid 
phosphatase. The determination of alkaline phosphatase by this method has 
proved so satisfactory' that the estimation of the acid phosphatase was under- 
taken using this substrate. 

PEEIARATIOX QF RE.^GEOTS 

Reagent A. Sorensen’s M/10 citrate-hydrochloric acid buffer, pH 4.8. Dis- 
solve 21.008 gm. of citric acid in water in a liter flask and add 200 ml. of 1 X 
sodium hydroxide. Dilute to volume. To 900 ml. of tliis solution add 100 ml. 
of X/10 hy'drochloric acid. 

Reagent B. Prepare a 0.4 per cent solution of disodium p-nitrophenylphos- 
phate in 0.001 X hydrochloric acid. According to Bes.sey,^ the reagent contains 
50 per cent inert material so that double the quantity should be u.sed or the re- 
agent should be recry'stallized before use. If the solution has a definite yellow 
color, it should be extracted with ether to remove free p-nitrophenol. 

Substrate. Mix equal parts of reagents A and B. Store in the refrigerator 
or in the frozen state. Some hydrolysis may take place with .standing and the 
volume of reagent blank may increase. The substrate may then be extracted 
■srith ether to remove the free p-nitrophenol. 

ST.AXD.VimiZ.^TIOX CF PHOTO-ELECTRIC COLORI.METER 

Prepare solutions containing 0.2, 0.4, 0.6, and 1.0 mM, respectively, of 
p-nitrophenol per liter. Since the millimol-unit is defined as “the phosphatase 
activity which will liberate 1 miM of p-nitrophenol per liter per hour”,^ these 
standards are equivalent to 0.4, O.S, 1 .2 and 2 units respectiveh', as the incuba- 
tion period is only thirty minutes. 

To 0.2 ml. of each standard measured into colorimeter tubes add 4.0 ml. of 

* Received for publication, April 17, 1947. 
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0.1 N sodium hydroxide. The tubes are then read in a photo-electric colorimeter 
using a filter -with a wave length between 400 and 420 mg. The values obtained 
are plotted against the units in the standard. 

The millimol unit may be multiplied by 1.8 to convert to milligrams of phos- 
phate liberated per 100 ml. of serum per hour.®* ■* 

PROCEDURE 

One ml. of substrate is measured into a colorimeter tube which is placed into 
a water bath at 38 C. T^Tien the temperature in the tube has reached the de- 
sired level, 0.2 ml. of seium is added and the mixture is incubated for exactly 
thirt}’^ minutes. The color is then developed by the addition of 3.0 ml. of 0.1 
N sodium hydroxide, and the tube is read in the photo-electric colorimeter, using 
a filter vith a wave length between 400 to 420 mg. A substrate and a serum 
blank are prepared. The former consists of 1 ml. of substrate and 3.2 ml. of 


CoxiPARisoN OF Bodansky axd Millimoi. Units of Sertoi Acid Phosphatase 


SERUM KUUBER i 


MUXniOL UNITS 

RATIO 

1 i 

0.18 

0.32 

1.78 

2 

0.20 

0.37 

1.85 

3 

0.'20 

0.33 

1.65 

4 

0.12 

0.20 

1.67 

5 

0.90 

1.40 

1.56 

6 

0.61 

1.20 

1.93 

7 

0.78 

! 1.40 

1.79 

■ 8 

149. 

70. 

2.13 

9 

8.5 

4.3 

1.97 

10 

4.0 

1.95 

2.05 

11 

1.72 

1.07 

1.61 

Average 

* ; ... 

l.Sl 



0.1 hJ sodium h 3 ’-droxide and the latter of 0.2 ml. of serum and 4.0 ml. of 0.1 IST 
sodium hydroxide. Both blanks are subtracted from the reading of the un- 
known before calculation from the standard curve. , 

The quantity of serum used in the determination was chosen so that accurate 
readings could be obtained for the relativelj’’ low values usually fotmd. If high 
values are encountered, and the quantity of p-nitrophenol liberated exceeds the 
amormt which can be read on the standard cur\u, the unknown may be diluted 
to as much as 100 ml. and the reading made. The blanks are likewise diluted to 
the same volume and subtracted as usual. The substrate is present in sufficient 
quantity to give accurate values up to about 15 millimol rmits. When this 
value is exceeded, the determination should be repeated using a smaller quantity 
of serum and/or a shorter incubation period. 

DISCUSSIOjST 

The actmty of the acid phosphatase in a p-nitrophenjd-phosphate buffer rvas 
measured over a range of pH from 3.0 to 5.8 (glass electrode). The optimum 
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pH was at pH 4.9 to 5.0, the same as the optimum for the enzyme in other sub- 
strates.^*'* A variation of 0.1 pH. caused little variation in acthity and the 
amount of hydrolj’sis was proportional to the time of incubatidri, up to three 
hours, when normal serums were used. 

The blank correction for the color and density of the serum was relatively large 
with the amoimt of serum necessary^ to give rehable results in the normal range 
and the variation in the reading of the blank in acid and alkaline solutions was 
often appreciable even though the serum showed no apparent hemolysis. The 
greatest discrepancies occurred when the serum contained increased quantities 
of bilirubin. A separate serum blank was therefore used instead of acidif^ung 
the imknown after the initial reading and rereading as is done in the determina- 
tion of alkaline phosphatase.’ 

Normal values 

Tests were run on a series of 25 women and 75 men in order to establish the 
normal limits of acid phosphatase activity in the serum in terms of the millimol 
unit. These patients were free from anj’ condition, such as carcinoma of the 
prostate, which might cause an elevation of the acid phosphatase. The acid 
phosphatase activity of the serums of the women ranged from 0.01 to 0.56 units 
with an average of 0.23 units. The jange for the men was from 0.03 to 0.63 units 
with an average of 0.27 units. 

Comparison of units 

The millimol units were compared with Bodansky irnits, e.xpressed as mg. of 
phosphate liberated per 100 ml. of serum per hour, determined by a modification 
of the Shinowara technic.*’ - ’ If the standard incubation period of one hour was 
used for the latter method, using normal ser^uns, poor correlation was found 
between the two methods. If the incubation period was increased to three hours 
and the final result divided Iw* three, better correlation was obtained (Table 1). 
The average ratio obtained between Bodansky units expressed as mg. phosphate 
liberated per 100 ml. of serum per hour and the millimol units was 1 .81 . Bessey’ 
found the same value when he compared the Bodanskj' units for alkaline phos- 
phatase and millimol imits. Our highest normal value of 0.63 multiplied b}* 
this factor gave a value of 1.1 which is the upper limit of normal for the technic 
used for comparison. 


STJMMAKT 

A procedure is outlined for the estimation of acid phosphatase in serum using 
p-nitrophenj'lphosphate as the substrate. 

Tlie normal values for the acid phosphatase activity of the serum of 25 women 
ranged from 0.01 to 0.56 millimol units vith an average of 0.23 units. The range 
for 75 men was from 0.13 to 0.63 units with an average of 0.27 units. The 
product obtained by multipMng the number of milhmol units bv* 1.8 gives a 
value equivalent to Bodansky units (mg. phosphate liberated per 100 ml. of 
senim per hour). 
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STATISTICAL ERHOKS Es COUNTING BLOOD . CELLS=^ 

RONALD ELSDON-DEW, M.D. 

From the Deparlment of Pathology, King Edward VIII Hospital, Durban, 

Union of South Africa 

Apart altogether from mistakes in. technic in the preparation of a specimen, any 
count on a hemocj'tometer is subject to en’ors arising from the chance distribu- 
tion of the cells from square to square. TSTiile everjmne knows that differences 
occur, few appreciate their significance in the final interpretation of the result. 
Possibly some are intimidated bj* the mathematics involved. 

“Student’'*^ showed that the standard deviation of a hemocytometer coimt 
could be approximated bj’’ the square root of the number of cells counted. Where 
two counts are being compared, the standard deviation of the difference between 
them is given b 3 ' the formula: 

S.D.dKf. = V S.D.P -f S.D.2=^ 

where S.D.i and S.D .2 are the standard deviations of the two counts. The 
probability of occurrence of statistical deviations relative to the standard de- 
viation has been computed b\' Pearl,’ a portion of whose table is given here for 
purposes of illustration. 


SiGXIFICAKCE OF DlFFEREXCES 


DrrFTEZ.VCE 

s. D. diff. 

PEOBABIX OCCUEEEKCE OF A DXA’IATIOK 
AS GREAT AS, OR GREATER THAN, THAT 
DESIGNATED IN A ITDNDEED TRIALS 

1 ODDS (to OirC) AGAINST THE OCCDK- 
1 EEJ.'CS OF A DSVIATIO.V AS GREAT AS, OP, 
GREATER IHAK, THAT DESICJ.'ATED 

0.67449 

50.00 

1.00 

1.0 1 

1 31.73 

2.15 

2.0 

! 4.55 

20. 9S 

3.0 

1 .270 

369.4 

4.0 

' .00634 

[ 15,770 

5.0 

! .0000573 

1 

i 1.744.000 

1 


The original tables should be consulted for the complete range. 

An example maj' illustrate the principle. Does a coimt of 3200 cells per cu. 
mm. differ significant^ from one of 5000 cells? If a single square millimeter, 
of depth 0.1 nun., of a 1:20 dilution has been examined, and if in tlie first case 10 
cells were counted and 25 cells in the second, the computation would be: 

S.D.I = Vlo = 4: and S.D.; = V25 == 5. 

Difference _ 25 — 10 _ __9 9 

S.D.diff. ~ V25 -h 10 ~ \/4r ~ 0.4 “ ■ 

From PearPs tables we see that there is a 10.15 per cent probabiliti’ that such 
a difi'erencc would occur In* chance, or the odds are 5. 19 to one against it. Few 

* Received for publication, .-Vpril 15, 1947. 
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people would care to make an assertive statement on such slender odds. If, 
however, the counts had been based on four such squares (with a multiplication 
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Pig. 1. Chart for estimating statistical significance of difference between 
two hcmocj’tometer counts. 

factor of 50 as against 200) the ratio between the difference and its .standard 
deviation would be 2.5, and the odds against both counts being random varia- 
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tions of the same coimt would be 79.52 to one, which is a better Ijasis for argu- 
ment. . * 

The mathematics of this is tedious, and it is for tliis reason that the accompanj'^- 
ing chart (Fig. 1) was devised. 

To use the chart, mark on the edge of a piece of card from the lines at the 
bottom of the chart, the desired calibration, selecting standard deviation (S.D.) 
probable error (P.E.) or odds, as desired. Place the center point of the calibra- 
tion against one or other number of cells counted, and road off against the other 
number, the ratio Difference/S.D., the ratio Difference/ P.E., or Odds, as the 
case may be. : - 

Bear in mind that the volumes counted must be the same in each case, and that 
the figures used for comparison must be the actual number of cells counted, and 
not any calculation therefrom. 


SOBL\RY 

A chart for the rapid estimation of the significance of the difference between 
two hemoci’tometer coimts is shown. 
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AGGLUTINATION OF ERYTHROCYTES IN HAYEM’S 
SOLUTION IN DISEASE* 

C. EUGENE De ANGELIS, M.D., and ELIZABETH 
SAMMIS De ANGELIS, M.S. 

From the Department of Pathology, St. John’s Riverside Hospital, and the Bureau of 
Laboratories, Health Center, Yonkers, Hew York 

Agglutination of eiythroc3’'tcs in Haj’-em’s solution is noted frequentlj*, j-^et 
little clinical significance was attributed to it until De Angelis and Huntsinger^ 
published their article suggesting the use of this reaction as a test. GradwohP 
mentioned this tjqie of reaction occurring in three cases of Hodgkin’s disease, 
but attached no clinical significance to it, except to emphasize the difficulty en- 
countered in doing a red blood cell count. Other Avriters^ have observ'ed this 
same phenomenon and Wintrobe’’ noted clumping in cases of multiple mj^eloma, 
kala-azar, cirrhosis of the liver, pneumonia and nephritis. 

The clumping of red blood cells in Haj'em’s solution has not been explained, 
but a studj'^ bj’- Ch’u and Forkner' indicates that it is due to the formation of a 
coarse precipitate in the blood plasma. In our studies, the reaction occurred in 
a variet}" of infections, neoplastic and other diseases in which the patients were 
acuteI.Y or chronically ill. Although most of the patients had a leukocytosis and 
a few had severe anemia, the phenomenon also occurred in association Avith 
leukopenic states and in some instances in AA’hieh the red blood cell counts AA'ere 
higher than normal. We found no relationship of this reaction to the IcAfel of 
blood nonprotcin nitrogen, sugar, cholesterol, or protein. The sedimentation 
rates Avcrc high in the majority of the patients studied. 

The test Avas perfomied in the same manner as a red blood cell count, using a 
red blood cell pipet and Ha.yem’s solution as the diluent. In a positive reaction, 
agglutination occurred almost immediatelj’- and became quite pronounced AA'ithin 
one-half hour. Clumps of broAA-nish particles AA'ere seen floating in the fluid, 
Avhich soon settled to the dependent portion of the pipet. Vigorous shaking 
caused no noticeable changes in the size of the clumps. jMicroscopic examination 
was not nece.s.sar}'", as the macroscopic reaction AAas sufficient for accurate inter- 
pretation. Under the microscope the clumps resembled “irregular entangled 
masses of red blood cells, some containing onh’’ a feA\' cells, others a great manj'”.^ 

Tests graduall.y became negatiA'c in patients AA’ho recoA'ered, that is, aggluti- 
nation did not occur, but continued positiA-e in those aa'Iio later died, indicating 
that AA'hile agglutination of erjdhrocjdes is not necessarih' a grave prognostic 
sign, it is a sign Avhich throAA's light on the actiA’ity of the illness at the time the 
patient is tested. A number of patients AA'ith neoplasms continued to giA'e posi- 
tiA'^c reactions, even when retested after a period of six months. 

In nineteen tests of bacterial pneumonias, one test from a seriousty ill patient 
AA'as negative throughout the course of the disease; sixteen tests AA'ere strongly 

* Bcceivcd for publication, Januarj’ 9, 1947. 
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positive blit became negative upon the patient's recoveiy; and two tests on 
patients who subsequent^ died showed clumping. 

Agglutination did not occur in approximately two hundred apparent^’ normal 
individuals and in a rclativeh' feiv criticalh' ill patients when first seen. The 
test is of value when it is positive and repeated periodical!}*. Subsequent nega- 
ti^'e results usually are indicative of recoverjc 

Acknowledgment. The authors wish tothankDr. Eugene DeAugeli-S, Associate Professor 
of Patholog}*, West Virginia School of Medicine, Morgantown, West Virginia, for valuable 
suggestions rendered in the preparation of the manuscript. 
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irUj\'IAN SERUjM as ENRICHjMENT for SUGiVRS IN 
CULTURES OF NEISSERL4E* 

aiAX T. TRAESTER, il.S., and LOUIS C. HERRING, M.T. 

From the Department of Biological Research, Louis C. Herring & Company, 

Orlando, Florida 

The problem of obtaining clear-cut fermentation reactions -w-ith members of 
the Neisseria group has been considered by manj’’ investigators. The pathogenic 
neisseriae, at best, grovr slowlj^ in ordinary fermentation mediums. At the pres- 
ent time there are a number of substances used for the purpose of enriching fer- 
mentation sugars. Among these substances, ascitic fluid and human or horse 
serum have probably been used more frequentlj”- than hydrocele or pleural fluid. 
The latter fluids are not recommended b}'^ Trowbridge and McConkey.® A 
number of laboratories use sterile human serum or plasma for enrichment pur- 
poses but its practical use in routine work has not been stressed. 

Hitchens- introduced a semisolid medium to which 1 per cent horse serum was 
added. The ■^’■alue of horse senun has been questioned by Peizer,'' who found 
that when horse, beef or sheep seiiun was used as an enriching substance, the 
Gonococcus fermented maltose as well as dextrose, because of the presence of 
the enzjTue maltase in these seiums. Satisfactorj’- fermentation results were 
obtained, however, when human, rabbit or guinea pig serum was used. 

Lankford, Scott, Cox and Cooke® have shovm that the Gonococcus requires 
complex protein substances for propagation and Gould, Kane and Mueller' 
have discussed starch from the standpoint of its ability to neutralize the inhibiting 
effect associated uith agar. Due to the availabilitj’’ of human serum and its 
stability in the refrigerator at a temperature of 50 C., it seemed of interest to 
ascertain the value of human serum as an enrichment substance when used alone 
and in combination with starch. 


METHOD 

All strains of neisseriae studied were planted on dextrose starch agar (Bacto), 
half strength, according to the formula described in the Difco Manual, seventh 
edition, p. 99, 1943. 

The slants were incubated for forty-eight hours at 37 C. and the grovdh on 
each slant was then loosened by scraping with a sterile loop. The bacteria were 
transferred into sterile bottles containing a few glass beads and sterile saline 
which had previous^ been warmed to 37 C. The suspension of organisms in 
each bottle was then diluted to compare with a No. 2 nephelometer standard 
(six hundred million bacteria per cc.). The sugar inoculations were made from 
this suspension using a pipet delivering 1 drop (approximateb’^ 0.04 cc.) directly 
onto the surface of the sugar mediums. 

Sugar base for the Neisseria group is prepared as follows: Dissolve 20 gm. of proteose 
peptone No. 3., 5 gm. of sodium chloride, 1 gm. of agar in 1 liter of distilled water by heating, 

* Received for publication, March 24, 1947. 
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Cool, add 25 cc. of 0.04 per cent phenol red indicator and adjust the pH to between 7.4 and 
7.6. Di'vnde into three portions and prepare 1 per cent solutions of maltose, dextrose and 
saccharose. Autoclave at from ten to twelve pounds pressure for from ten to twelve min- 
utes. Place in tubes, in 2 cc. quantities; add 0.1 cc. of a 20 per cent solution of sterile human 
serum in saline and mi.x. 


TABLE 1 

FxHitEXTATiox OF Dextbose* Coxt.unixg Vabtixg Quaxtities of Httslax Serum 

BT Sea'er.a.l Straixs of Goxococci 


Amount of bmnan serum 
added 

( 

i 

1 1 

7c 

2 

% 

1 37c 


— 

( 

) 

Length of incubation in 
hours 

24 

i 

i 

1 i 

24 

1 ^ 
i 

1 


24 


B 

1 4S 

24 1 

1 ^ 

STEAIK or GOKOCOCCUS UETD 

1 DECREE or FEEMEKTATIOKt 

S-1 

i 

4 ! 

1 

1 4 

I 2 

! 4 

i 2 ! 3 

1 1 

3 

2 S 

3 

0 1 

1 

S-2 

1 2 

3 


3 

1 2 j 3 

3 ! 

3 

3 1 

3 

0 

2 

S-3 

I 2 

4 

1 2 

2 

3 1 4 1 

2 1 

3 

3 i 

3 

2 

2 

S-4 

‘ 4 

4 

i 3 

1 

4 1 

1 

[ 4 1 4 

2 j 

1 

3 

4 1 

4 

0 

1 


* Maltose and saccharose jdelded no fermentation. 

t Degree of fermentation: 0, none; 1, slight; 2, weak; 3, moderate; 4, strong. 


TABLE 2 

Fermext.\tiox of Dextrose* With axd Without Exrichixg Substaxces bt Various 

Straixs of Goxococci 


Strain of Gonococcus used 


S4951 

{ 

? 

Sf 


Sd 

\ 

si 



S3 

_ 

Length of incubation in daj-s 


2 

1 4 

1 

!■ 

2 j 4 

1 

1 2 j 4 

I 

h 




i 

1 

1 2 ! 4 
' 

ENTtICniXC EUESXAXCEt ADDED 






DEGEEE OF rEPATES-TATIO.Vt 






TO DEXTROSE SIEDIClt 
















Serum plus starch 

4 

4 

S 

4 

4 j4 1 

2 

213 

3 


4 

1 

2 

3 

2 

1 

4 4 

Serum 

4 

4 

4 

3 

4j4| 

3 

4 *4 

4 

4 

4 

3 

4 

4 

3 

3 I 4 

Starch 

1 

2 

4 

0 

1 1 2 j 

1 

1 1 2 

1 

O * 

2 

0 

3 

3 

1 

2 1 2 

No enrichment 


0 

0 

0 

0|2| 

0 

w 

y 

0 j 

0 

} 

0 

0 

2 

0 

1 ; 2 


* iHaltose and saccharose jielded no fermentation. 

t Serum plus starch was used in the following concentration: soluble starch, 0.5 per cent; 
sterile human serum, 1.0 per cent. 

f Degree of fermentation: 0, none; 1, slight; 2, weak; 3, moderate; 4, strong. 

In order to determine an optimum concentration of sterile human serum for 
enrichment, varying quantities were tried with four strains of gonococci. As 
illustrated by Table 1, there seemed to be little difference in degree of fermenta- 
tion with amounts varj-ing from 1 to 5 per cent. In all of the following tests 
Seitz-filtered hxmian serum was used -with a final concentration of 1 per cent in 
the sugar tubes. Xo enricliment was added to the control sugar mediums. 










































582 


TECHNICS 


Starch alone exhibited earlier feiinentation than did the controls. In combina- 
tions with semm, however, reactions could be interpreted after a twenty-four 
hour period of incubation. With serum alone, the reactions Avere as good as. 
and in some instances better than, the starch-seiiim combination (see Tables 
2 and 3). 


suxiji.ahv 

A concentration of 1 per cent sterile human semm in Neisseria fermentation 
mediums is a satisfactoiy enrichment substance. The growth in almost all 
cases was sufficient at the end of twenty-four hours to produce acid in the diag- 

TABLE 3 


Fermentation of Dextrose and Maltose,* With .and Without Enriching Substances, 
Bv V.ARious Str.ains OF jMeningococci 


Strain of Meningococcus used 

S2631 

S4629 

1 












1 




j 









Length of incubation in da>*s. . . 

1 1 

2 

4 

1 

2 

4 

1 

!2|4 

1 

i' 

4 

1 

2 j 4 

1 

2 

4 

EyRlCniNC SUBSTANCES ADDED 
TO SUC\R MEDIUMS 

DEGREE OF FERME-NTATIO-Vf 

Serum plus starch 

2 

•1 

4 

2 

4 

4i 



4 

4 

4 

2 

3 j 4 

3 

4 

1 

1 4 

Serum 

1 

3 

4 

9 

3 

4 

4 

4 ' 4 

3 

4 

1 4 

3 

4 4 

3 

4 

4 

Starch 

1 

1 

4 

1 

2 

4 

3 

4 i 4 ! 

2 

4 

4 

1 

1 1 2 

1 

9 

2 

No enrichment 

1 

1 

4 

0 

1 

4 

1 

2 i 2 t 
1 1 

1 ! 

i 4 

4 

0 

0| 1 

0 





1 



1 



* Saccharose yielded no fermentation, 
t For explanation of symbols, see footnote to Table 2. 


nostic sugars. In the control sugar mediums, it required more than twenty-four 
hours, and usually forty-eight hours, for reaction to take place. Tlic use of 
starch as an enrichment is of questionable value. 

Acknowledgment is made to James N. Patterson, M. D., and Morris S. Sommers, B. S., 
for their valuable assistance in the preparation of this manuscript. 
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INTERFERENCE WITH SULFA DETERIMINATION OF BLOOD 
BY HEMOPHILUS INFLUENZAE* 


MERCEDES VICEXTE de TORREGROSA, Pn.D. 

From the Presbyterian Hospital, San Juan, Puerto Riw 

In a patient -who was receiving sulfadiazine in the treatment of meningitis due 
to Hemophihis wfliienzae, extremely high blood sulfa values were obtained during 
the acute stage of the disease which seemed to be entirely out of proportion to 
the dose of the drug administered (Table 1). Sulfa determinations (Bratton 


TABLE 1 

SvLFADiAzixE Vaeves IX Blood OF Patiext -r-ith Mexixcitis axd Bacteremia Due to 

Hemophilus injluemac. Type B 


DATE, 1946 

1 BLOOD CrLTCPX 

1 

1 

! EPn.'AL rtciD <n:LTt:i>E 

J 

blood StriFADIAZINT L£\XL 

1 lie, PEIt 100 CC. 

f 

Feb. 1-3 

! 

! 

^ H. influenzae i 

[ 

t 

20 

• H. influenzae 

; H. influenzae j 

S6.9 

25 

I 

j H. influenzae \ 

61.5 

27 

1 

j H. influenzae '• 

43.4 

ilarch 4 

i Xo growth 

1 H. influenzae ! 


9 

1 

i X'o growth 

IS 

10 

i Xo growth 

1 Xo groivth 1 

5 

April 2 

i 

1 

1 Xo growth - 



Highest daily dose received by patient was 5 gm. sodium sulfadiazine by ch'sis. 


and ^Marshall’s method) were, therefore, perfoimed on filtrates from seventy-two 
hour hemopeptone and chocolate broth cultures of indole-positive H. influenzae, 
T3'pe B, obtained from patients with meningitis. These 14 strains of H. 
influenzae, Tv^ie B, produced a .substance that gave a colorimetric reaction 
with the reagents used in performing sulfa determinations. Equivalent color- 
imetric values ranging from 2.3 mg. to G.5 mg. sulfadiazine per IGO cc. of 
blood were obtained (Table 2). Controls vith filtrates of the culture mediums 
emploj-ed in gro^^^ng the organisms (chocolate and hemopeptone broth) gave 
negative results. 

I believed that the colorimetric reactions obtained from cultures of H. influenzae 
were due to the production of indole. To test the validity of this assumption, 
an aqueous solution containing 0.1 mg. of indole per 100 cc. was treated in the 
same waj* as blood in sulfa determinations. A color reaction was obtained which 
gave a colorimetric reading having the equivalent value of 4.G mg. sulfadiazine 
per 100 cc. of solution. 

* Received for publication, April 11, 1947. 
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TABLE 2 


('OLoniMETRic Readings of Filtrates of 72 Hour Cultures of H . influenzae, Ttpe B, 
IN Equivalent Values of Mg. of Sulfadiazine Per 100 cc. of Blood 


NUMBER OF CULTURE 

INDOLE 

EQUIVALENT COLORIMETRIC V'ALUE IN 
MG. OF SULr,\DLV2INE PER 100 CC. 

1 

+ 

4.4 

2 

+ 

6.0 

3 

+ 

4.6 

4 

+ 

4.0 

5 

+ 

3.2 

6 

+ 

2.4 

7 

+ 

2.3 

8 

+ 

2.5 

9 

+ 

2.4 

10 

+ 

6.5 

11 

+ 

6.4 

12 

+ 

5.7 

13 

+ 

6.0 

14 

+ 

5.0 

Sterile hemopeptone broth 

— 

0 

Sterile chocolate broth 

— 

0 


SUALAIAKY 

Extremely high blood sulfa levels were obtained in a patient with meningitis 
and bacteremia due to Hemophilus influenzae. It was found that indole, which 
is formed by this organism, gives a color reaction similar to that given by sulfa 
drugs. 
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HEMOLYTIC AYTiYILV ASSOCIATED YTTH 
iVLALIGXAAT DISEASES-^ 


DANIEL STATS. M.D., NATHAN ROSENTHAL, -M.D., axd 
LOUIS R. ■RASSERmN, A.D. 

From the Laboratories, Medical and Pediatric Services of The Mount Sinai Hospital, 

Xcic York City 

It has been appreciated for many years that on rare occasions hemolytic 
anemia may occur in patients Anth malignant diseases, such as Hodgkin \s dis- 
ease, chronic Emphatic leukemia, reticulo-endotheliosis, metastatic carcinoma- 
tosis, sarcoma of the spleen, myelogenous leukemia, lymphosarcoma, giant 
follicular lymphoblastoma and. in patients with Boeck's sarcoid. Tire hope that 
such cases might provide important infoimation regarding the etiologj* or patho- 
genesis of hemoMic states has not been fulfilled; it has been shown, however, 
that in such anemias, spherocytosis of the red blood cells may be a temporaril}^ 
acquired property. In this paper we shall not consider the pathogenesis of the 
anemias that often accompany the above-mentioned disea.scs. Thej' develop 
from diverse causes ; excessive hemolysis may be a contributing factor.^' ' Our 

attention will be directed only to those cases with hemoly.sis so marked as to 
result in the hematologic picture of hemolMic anemia. Aiemias of this type 
continue to be of extraordinary intere.st because they often pose difficult diag- 
nostic problems. iMoiphologicalE and pin’siologically the\' may be identical 
with either the well-known familial hemobTic anemia or other hemoh'tic anemias 
of unkno^vn causation occurring sporadicalh* in adults. In four patients (Cases 
1, 2, 3, 9), the diagnosis of both diseases was'readily made; in two others (Cases 
4, 8), there was, at first, little or no evidence of any disease other than anemia; 
in one patient (Case 10), after prolonged ob-seiwation, sxTnptoms and signs 
appeared which indicated the pre.sence of another morbid process; in one patient 
(Case 6), splenectom}* for hemolytic anemia revealed pathologic changes in the 
spleen which were wholly imexpected; in two patients (Cases 5, 7) failing to im- 
prove after splenectom\', thorough study yielded evidence of other diseases. 

Tlie infreciuency of frank hemoh’tic anemia in these chronic diseases and the 
fact that atteotion is already directed toward the underlying lesion may render 
clinical detection of the type of anemia difficult. This is especially true when 
the anemia is not severe or when the other manifestations of hemolysis (reticu- 
locytosis, bilirubincmia, spherocytosis) are inteimittentE absent or are over- 
looked. Hematologic study of such cases must be particularly careful. 

There has been no actual proof that the hemolytic anemias which ma\' com- 
plicate the diseases mentioned above are definitely related to these diseases but, 
because of their association, most clinicians believe that a close relationship does 
exist. Sometimes it is possible to show tiaxt the associated diseases are not re- 
lated. Tlius, recently in a patient with undoubted familial hemolytic anemia 
in whom anemia had bccn.present for thirh* years, an asymptomatic carcinoma 

*Reccived for publication. ]May 29,4917. 
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of the splenic flexure rvas found at the time of splenectomy. Also, it is well 
knowm that an individual may haA-e the hereditaiy substi-ate of familial hemo- 
lytic anemia and ncA'er be aAvare of it. Such latent cases in Avhich slight, per- 
sistent icterus, splenomegah' , anemia, reticulocj’tosis or spherocytosis are present 
may be difficult to interpret Avhen complicated by the presence of other diseases. 
Case 1 illustrates the considemble doubt A\-hich may exist of the relation.ship 
betAveen hemolytic anemia and another associated disease (Boeck’s sarcoid). 

CASE 1 

BoecFs Sarcoid 

G. 0., a Negro female child, who was in The iVIount Sinai Hospital in 1939 and 194G, was 
first found to have a seA’ere henioh-tic anemia without si)heroc3'tosis at the age of six months. 
After a remission of seven years, she had a recurrence of hemolytic anemia, but, on this 
occasion, with spherocytosis and Boeck’s sarcoid. 

This child was first hospitalized because of pallor and vomiting. Examination revealed 
the presence of florid rickets in addition to moderate enlargement of both the liver and 
spleen. LAunphadenopatiu" was not present. The pertinent laboratorj* findings* included 
hemoglobin, 3S per cent; erythrocj'tes, 2,500,000; leukocytes, 23,000; platelets, 130,000. 
The nucleated erythrocytes in the peripheral blood varied from 1 to 70 per 100 leukocytes 
and the reticuloyctes ranged from 4.2 to 8.2 per cent. There were no spherocj'tes and malarial 
parasites were not present. The fragility test of erythrocytes to hypotonic saline revealed 
beginning homolj'sis in 0.44 per cent sodium chloride and complete hemolysis in 0.2S per 
cent solution. The blood Wassermann and tuberculin patch tests were negative and the 
icterus index was 10. The bone marrow was normo-erythroblastic.* The child was treated 
with liver, iron and six blood transfusions. At the time of discharge the hemoglobin was 


*Mclhods: Hemoglobin determinations were performed visually by the acid hematin 
method (15.0 gm. per 100 cc. of blood = 100 per cent); platelet counts were performed in a 
manner similar to red blood cell counts except that 3.S per cent sodium citrate Avas used as 
the diluent (normal 120,000 to 300,000 per cu. mm.); reticulocyte counts AA-ere done AA'ith 
brilliant cresyl blue by the dry method (normal A'alucs less than 2 per cent); erythrocyte 
fragility tests A\-ere done AAoth hypotonic saline with red blood colls freed of plasma by 
AA-ashing AA'ith physiologic salt solution, and the results were observed visually after 
centrifugation. 

References: Bixg, F. C., and Baker, R. W. : The determination of hemoglobin in minute 
amounts of blood by Wu’s method. J. Biol. Chem., 93: 5S9-C00, 1931; Da.aiesiiek, Vi.: 
Rouleaux formation in fresh, unmodified blood as a diagnostic test for hemoh’tic anemia. 
New England .1. I^Ied., 331: 1009-1011, 1939; Ham, T. H., and Dingle, J. H.: Studies on 
destruction of red blood cells; chronic hemolytic anemia AA'ith paro.\'3'smal nocturnal hemo- 
globinuria; certain immunological aspects of hemolytic mechanism A\-ith special reference 
to serum complement. J. Clin. Investigation, 18: 057-072, 1939; Hegglin, R., and Maier, 
C.: Heat resistance of crj-throcA-tes; specific test for recognition of IMarchiaf.aA'a’s anemia. 
Am. J.if. Sc., 307: 024-020, 1944;^Iackenzie, G.IM.: Paroxysm.al hemoglobinuria ; a rcA’icAv. 
jMedicinc, S: 159-191, 1929; Stats, D., and Wasserai.an, L. R.: Cold hemagglutination, an 
interpretiA’e rcvicAv. Aledicinc, 22: 303-424, 1943; Vogel, P., Erf, L. A., and Rosenthal, 
N.: Hematological obserA-ations on bone marrow obtained b.A- sternal puncture. Am. J. 
Clin. Path., 7: 430 and 49S, 1937; Wi.ntrobe, 1M. AI.: Macroscopic examination of the blood; 
discussion of its A-aluc and description of use of single instrument for determination of 
sedimentation rate, A’olume of packed red cells, IcukocA'tes and platelets, and of icterus 
index. .\m. .1. M. Sc., 185: 5S-71, 1933. 
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60 per cent. During this three-month period of hospitalization, she had a number of short 
periods of mild fever vdiich coincided with sudden falls in hemoglobin. The liver and 
spleen remained unchanged. The patient was seen periodically thereafter and she de- 
veloped normally. The liver and spleen receded and were no longer palpable. Without 
any special therapy she maintained a hemoglobin value of 75 per cent. Her diet 
v.-as adequate but suboptima! . 

At the age of eight years, six weeks before her second admission, she developed bilateral 
iridocyclitis. The h’mph nodes were moderately enlarged. The lungs were clear. A 
hemic apical sj'stolic cardiac murmur was present. The liver was palpable 2 cm. below the 
right costal margin and the spleen could be easih' felt as a firm smooth organ 4 cm. below 
the left costal margin. Just mesial to the spleen a separate firm lobulated mass was 
palpated and regarded as enlarged retroperitoneal. l\-mph nodes. 

Examination of the blood revealed: hemoglobin, 43 per cent; erythrocytes, 3,060,000; 
leukocytes, 6C00; platelets, 270,000; nonsegmented neutrophils, 6 per cent; segmented 
neutrophils, 49 per cent ; monocytes, S per cent and Kunphoctdes, 37 per cent. The reticulo- 
c\'tes varied between 5.5 and 15 per cent. The mean corpuscular volume was 62 cubic 
microns. The stained erythroct'tes appeared microcytic and hypochromic; spherocytes 
were present . The saline fragility test of the erythrocytes on two occasions revealed hemol- 
ysis starting in 0.56 per cent sodium chloride; complete hemolysis occurred once in 0.25 per 
cent solution and once in 0.20 per cent solution. “Sickling” of the red blood cells was ab- 
sent. Examination of the sternal bone marrow obtained by aspiration revealed a cellular 
marrow containing 2.4 per cent erythroblasts and 60.S per cent normoblasts. .V biopsy of an 
axillary lymph node showed changes tj^pical of Boeck’s sarcoid. The Mantoux test was 
negative with 1 mg. of old tuberculin. The blood chemistry was normal. Extensive roent- 
genologic examination of the chest, bones and gastro-intestinal tract showed no abnormali- 
ties. 

During the hospitalization of six weeks the patient %vas afebrile. Soon after admission 
she developed hj'drarthrosis, first of one knee and then of the other. Aspiration of 
the joints revealed straw-colored fluid which was negative on culture and after guinea pig 
inoculation. Physical and blood e.xaminations of the mother, father and four siblings were 
normal. 

Tliere "was no evidence of a familial or hereditary basis for the hemolytic 
anemia in this patient. It seems ven- improbable that the hemoh-tic anemia 
at the age of six months can be related to the Boeck’s sarcoid found seven and 
one-half yeans later. It is not entirely clear that any relationship exists at the 
present time between the anemia and the sarcoid. Future obsen-ations max' 
provide more evidence on this poiut. 

.Singer and Dameshek^ were the first to use the term “sjmptomatic hemoMic 
anemia”. Thej' defined it as a hemoij'tic s^mdrome xvhich showed a definite 
etiologic relation.ship to underlying diseases, as we have outlined above. In 
addition, they mentioned its occurrence in liver disease and in various acute and 
chronic infectious conditions. "We shall use this term throughout the present 
paper and shall draw attention to feature.s of symptomatic hemolytic anemia 
that have not been adequately considered in the literature. “We shall first 
discuss the findings in the blood, bone marrow and spleen, concluding with a 
consideration of therapy. The discussion is based on a review of the literature 
and on 10 cases personally studied which include 1 case of Boeck’s sarcoid, 3 
cases of chronic lymphatic leukemia, 3 cases of Hodgkin’s disease, 1 of lympho- 
sarcoma, 1 of giant follicular lymphoblastoma and 1 of colloid carcinoma. 
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FIKDIR-GS IN PERIPHERAL BLOOD 

The findings in the peripheral blood in cases of sjonptomatic hemol 3 'tic anemia 
maj’ indicate the presence of the underh'ing condition, c.g., leukemia, and maj' 
reveal the usual morphologic abnormalities of the hemoh'tic state. It is now 
agreed bj" most obser\'ers that spherocytosis of the eiythroc^des is an abnormality 
that maj' occur in manj' different conditions characterized b.y excessive hemob’sis. 
The importance of detecting this change in the red blood cells is that it indicates 
the presence of a hemoh’tic state. It indicates nothing, however, concerning 
the nature of the hemoh’sis. Spherocj'tosis has been described in about 50 per 
cent of the reported cases of sj’mptomatic hemoh’tic anemia. It was present in 
5 of the 10 cases reported here. We are in disagreement with the viev’point ex- 
pressed b 3 '' Tliompson-^ that spherocx’tic hemoh'tic jaimdice is S 3 Tion 3 ’mous with 
congenital hemoh’tic jaimdice. About one-half of the cases of S 3 ’mptomatic 
hemoh’tic anemia revealed decreased resistance of the eiythroc 3 ’tes to hemoh’sis 
bj’ In’potonic salt solution. 

Tlie anemia is usuall 3 ’ of rapid onset and the clinical picture that of a subacute 
hemoh’tic proce.ss. iNIoderate to ver 3 ’ severe grades of anemia ma 3 ’ be obseiwed. 
The hemoglobin ma 3 ’ be less than 20 per cent and the red blood cells less than 
1,000,000 per cu. mm. The color index is usualh’ 1-0 or a little higher, and 
values over 1.2 are uncommon. The determination of the size of the er 3 ’throc 3 ’tcs 
b 3 ’ coipuscular constants is not reliable in hemoh’tic anemia because of the usual 
presence of reticuloc 3 ’tes, vdiich are larger than nonreticulated er 3 'throc 3 ’tes. 
Consequently, reports cannot be accepted that the mean corpuscular volume is 
markedh’ elevated and indicates macroc 3 ’tosis. In such instances, measurement 
of the diameters of the led blood cells b 3 ’ the Price-Jones technic, separating 
reticulated fi-om nonreticulated cells is required. We obsen’ed macroc 3 ’tosis in 
3 of the cases we studied. It was an infrequent finding in cases reported in the 
literature. 

The leukocyte count is gieath’ influenced Iw the underh’ing disease and in cer- 
tain cases an 3 ' changes that might occur as a result of the hemoh’tic process are 
masked. Tliis is likeh' to happen in cases of leukemia in which counts as high 
as 375,000 per cu. mm. are observed. Leukoc 3 ’te coimts of less than 4000 per 
cu. mm. have been observed in patients with giant follicular h’mphoblastoma, 
metastatic carcinomatosis and Hodgkin’s disease. Except for these, the usual 
finding is a moderate leukoc3’tosi3 as in other hemoh'tic anemias. 

Tlie differential blood count in instances of leukemia with S 3 'mptomatic hemo- 
h'tic anemia ma 3 ’ be characteristic of the former condition. There have been a 
few patients in whom leukemia could not be diagnosed before splenectom 3 ’ but 
in whom leukemic changes became apparent" after this procedure. It is usual 
to obsen’e a shift to tlie left in the differential count. ]Nl 3 ’eloc 3 ’tcs are not pres- 
ent in large numbers, except after spleneetom 3 ’. ]\l 3 ’eloblasts are distinctly 
unusual e.xcept in instances of mx’eloid leukemia. 

In our patients, normohlastemia ivas observ'ed in 50 per cent, the highest 
coimt being 15 normoblasts per 100 leukocides. In the literature, about one- 
half the cases were reported to show small numbers of these cells. Tliere have 
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been several obsen-afions which indicate marked “1:>]ast” crises after splenectomy 
and up to 400 normoblasts per 100 leukocj'tes have been obsen'ed at sucli times. 
In unusual cases before splenectom}*, up to 125 nucleated red blood cells per 100 
Avhite blood cells have been obsen'ed and megaloblasts as well as eiythroblasts 
have been present.^-' 

The reticulocyte count is a reliable indication of the severity of a hemolytic 
state, despite the fact that it is an indirect measure of hemolysis. Tlie reticu- 
locytosis ob\nously depends on the regenerative response of the bone marrow to 
hemolysis and a high reticulocj’tosis, in a general way, indicates an active normo- 
blastic and erjdhroblastic h 3 'perplasia of the maiTOW. Occasionalh', however, 
severe hemoh'sis maj' occur without much reticulocjdosis. The number of 
reticulocjdes in our cases of sjauptomatic hemoMic anemia varied between 5 
and 87 per cent and was of the same magnitude as obsen'ed in other severe 
hemoMic anemias. 

There are relativeh' few 'platelet counts reported in the literature in sj'mpto- 
matic hemoMic anemia. In 2 of the 10 cases that we studied, there was a mod- 
erate thrombocj'topenia and, in both, resulting hemorrhagic manifestations were 
apparent (Cases 3 and 4). Several similar cases, som.e with more marked evidence 
of bleeding, have been reported.^- Among these there have been two 

instances of metastatic carcinoma involving the skeleton and others of lymphatic 
leukemia, Hodgkin’s disease, myeloid leukemia , lymphosarcoma and reticulo-endo- 
theliosis. Tlirorabocj'themia has not been observed. 

Tlie abo-v’c described findings of normoblastemia, m^’elocjdes in the peripheral 
blood and thrombocjdopenia, althou^ not the rule in s>Tnptomatic hemolytic 
anemia, occur often enough to warrant discussion with relation to the differenti- 
ation between such cases and ‘leuko-eiydhroblastic” anemia as described by 
Yaughan*^ in skeletal carcinomatosis and osteosclerotic anemia. Leuko- 
eiMhroblastic anemia is characterized Iw a A-ariable degree of anemia, in which 
the most striking finding is the large number of noimoblasts and eiMhroblasts 
which are out of proportion to the severitv' of the anemia. In addition, there 
ma\' be a small percentage of myeloc\'tes and m\'eloblasts. Thrombocj'topenia 
is a frequent finding and reticulocytosis up to 7 to 10 per cent ma\' also be 
observed. It is immediateh’ apparent that such changes are similar to those 
described in the blood picture in SN'mptomatic hemoh'tic anemia. For differenti- 
ation, the degree of reticulocj'tosis in the latter is usualh' much more marked 
and is, in general, proportional to the severitj* of the hemolysis and anemia. 
Tlie presence of mj-^elocjdes, nomioblasts and erj'throblasts in the peripheral 
blood is likewise dependent on the severitA- of the anemia and the regenerative 
response of the bone marrow. In leuko-er\'throblastic anemia this situation docs 
not prevail; the presence of immature m^-eloid and eiMhroid cells in thecirculat ing 
blood is unrelated to the anemia and the disproportion between the large numbei’S 
of such cells and the relative mildne.ss of the anemia ma^' be striking. Roticu- 
locj'tosis of marked degree is not apparent. YTile the percentage of nucleated 
red blood cells maj- be high and that of reticulocA'tes low in leuko-er>-throblastic 
anemia, in sj-raptomatic hemoMic anemia the reverse is almost always tnie. 
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Spherocytosis of the er}- throcj'tes is a common finding in symptomatic hemolytic 
anemia, hut has rarely been described in leuko-er^dhroblastosis. In the latter 
condition almost an}' other type of erythrocyte may be observed, c.g., normocyt ic, 
macroc}'tic, hypochromic or elliptical. Finally, high fecal urobilinogen excretion^ 
is found only in hemolytic states. 

We have not found any indication in the literature or in the cases which we 
studied that aggluiinins or hemolysins are responsible for the anemia in sympto- 
matic hemolytic anemia which accompanies certain malignant diseases. Xonc 
of these cases, however, was studied by the newer methods.®’ ® Haden^* men- 
tioned the presence of auto-agglutinins in a case of chronic lymphatic leukemia, 
but did not state the titer. In another case*® auto-agglutination may have been 
related to infectious mononucleosis and anti-0 agglutinins. Neither hemoglo- 
binuria nor hemoglobinemia has ever been described in the cases under discus- 
sion. 


FINDINGS IN BONE MABIIOW 

The morphologic alterations that occur in normal bone marrow in response to 
excessive hemolysis of erythrocytes are well knovm, and consist of hyperplasia of 
the cellular marrow and a quantitative change in the percentage of erylhrogcnic 
dements. The normoblasts and er}'throbIasts of the normal marrow may be in- 
creased from a normal value of 20 per cent to 40 per cent or more and, in rare 
instances, even up to SO per cent. Some of the diseases in wliich, as we have 
seen, hemolytic anemia may be merely symptomatic are likewise accompanied 
by their own quantitative and qualitative alterations of bone marrow. The 
effect of two disease processes in the same marrow may need to be determined. 

Our cases were repeatedly studied from this point of view by pimcture of tlie 
sternum and examination of the aspirated material. In Case 10, in which the 
diagnosis was not certain, but appeared to be chronic lymphatic leukemia, the 
lymphatic infiltration was not. evident at first when the hemolytic anemia Avas 
scA’cre. This may have been due to the normoblastosis of 69 per cent. One 
month later, Avhen the anemia had dLsappeared, the noiTno-er}'throblasts were 
14.4 per cent, whereas evidence of 13 'mphatic infiltiation was now present since 
the lymphocytes amounted to 20.8 per cent. In Case 9, with chronic lymphatic 
leukemia, two sternal punctures performed during the period of active hemolytic 
anemia revealed marked infiltration w’ith lymphocytes (71.4 per cent and 30.4 
per cent), while the normo-eiy'throblastic percentage in each instance was 19.4 
per cent and 3S.8 per cent. In this patient, both disease stales contributed to 
the bone marrow picture. In Case 2, the normo-ciy'throblastosis of the bone 
marrow (5G.2 per cent and 66 per cent) so ovei-shadowed the lymphocytic infil- 
tration of chronic lymphatic leukemia (the h'mphocytcs varied from 2.0 to 9.6 
per cent) as to make the latter almo.st insignificant. By contiast, in the usual 
cases of chronic lyiaphatic leukemia without hemolytic anemia, the lymphocytes 
may vaiy from 50 to 90 per cent whereas the normo-en'throblasts may not exceed 
2 per cent. In Case 3, in Avhich the patient had giant follicular lymphoblastoma, 
the usual finding of that disorder, namely, an incrca.se in the liematogones, was 
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not obsen'ed and this may have been due to the normo-en'throblastosis of 70 
per cent. In Case 8, carcinoma cells could not be found in the bone puncture 
and the normo-erythroblastic increase amoimted to about 50 per cent. The 
details of repeated bone marrow e.xaminations are given in the following case. 

CASE 2 

Chronic Lymphatic LeiiJceryiia 

W. H., a man 61 years old, had been -K-ell until three weeks before entering The ilount 
Sinai Hospital, when he suddenly became weak and faintod. He had not been exposed to 
toxic agents and neither the patient nor his relatives gave any history of anemia, jaundice 
or splenomegaly. Immediately before admission two blood transfusions (1090 cc.) were 
given. Examination revealed pallor and icterus; generalized Ijunphadenopathy was pres- 
ent. The liver was palpable 3 fingerbreadths below the right costal margin and the spleen 
1 fingerbreadth below the left costal margin. A soft systolic murmur was audible o%'er the 
apex of the heart.. 

The blood examination showed hemoglobin, 39 per cent; erjdhrocj'tes, 1,180,000; leuko- 
cytes, 12-5,000; platelets, 400,000.* There were 4 per cent nonsegmented neutrophilic leuko- 
C 3 des, 11 per cent segmented neutrophilic leukoc 3 des, 84 per cent l 3 Tnphoc 3 'tes, 1 per cent 
neutrophilic m3'eloc3'te5, 5 normoblasts per 100 leukoc 3 ’tes and 65 per cent reticuloc 3 ’tes. 
The cr 3 'throc 3 ’te fragilit 3 ' test showed hemolysis starting in 0-56 per cent sodimn chloride and 
complete hemob’sis in 0.2S per cent solution. There was moderate stippling of the err'th- 
roc 3 *tes which in stained smears were either microcv-tic (spheroc 3 des) or macroc 3 'tic (retic- 
uloc 3 i:es)- Plasma hemoglobin was less than 5 mg. per cent; icterus index, 18 to 62; van 
den Bergh, slightb* dela 3 'ed positive; cold hemagglutinin titer, 1/40; beat resistance test of 
er 3 ’tbroc 3 'tes, negative; acid hemoH'sis test (Ham), negative; and hemagglutinins (37 C.) 
and hemob'sins (homologous and heterologous group O er 3 *throc 3 des), negative. The 
results of three sternal bone marrow aspirations are given in Table 1. Chemical anab'sis 
of the blood revealed normal findings except that the cephalin-cholesterol flocculation test 
was 2 to 4 plus. The blood Wassermann test Avas negath'e. In numerous urinah’ses the 
onl3' abnormalii3' Avas a urobilinogen A'alue (lYallace-Diamond) A-arAung between 1/10 and 
1/100. Biops3' of an axillar3' lAunph node reA'ealed a marked infiltration bA’ lymphocytes 
compatible A\ith chronic lymphatic leukemia. The basal metabolic rate was plus IS per 
cent. Roentgenologic examinations of the chest, skull and long bones did not reveal an 3 ' 
abnormalities. 

This patient was discharged after nine weeks because he refused to submit to splenectom 3 ’^. 
Ten blood transfusions (.5000 cc.) Avere administered during this period without reactions. 
The jaundice persisted but the temperature was ncA'cr elcA-ated. Repeated reticuloc 3 'te 
determinations were recorded as 60, 28, 24, 22 and 9 per cent. Prior to discharge, the hemo- 
globin was 66 per cent; the leukoc 3 'te count, 22,400; the segmented neutrophils, 25 per cent; 
the eo.sinophilic leukoc 3 'tes, 2 per cent; the lA'mphoc3*te3, 70 per cent; and the monoc 3 'tes, 3 
per cent. There was no change in the l 3 Tnphadenopath 3 ', splenomegalA' or hepatomegah*. 
The patient died at home soon thereafter and no autops 3 ’ aa'us performed. 

The features of acute spherocytic hemohTic anemia A\-ere clear-cut in this 
patient. Tlie ab.soIute and relatit'e lympliocytosis of the peripheral blood, gen- 
eitilized hunphadenopathy and the IjunphocAdic infiltration of a hunph node 
indicated the presence of chronic hunphatic leukemia. The absence of hmipho- 
CAdic infiltration in the bone marrow might have been due to the intense noirno- 
erAdhroblastic In'perplasia resulting from the hemolytic proces-s. 

* For method used see footnote to Case 1. 
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Anah'sis of the differential counts of sternal bone marrow spreads indicates 
that the excessive 7mrmo-crylhrohlasio$is of hemolytic anemia may mask the pres- 
ence of an underlying disease stnte that otherwise could be diagnosed by this 
examination. At. the same time, the presence of an underlying disorder which 
produces characteristic changes in the myelogi’am may partly inhibit the normo- 
erj'throblastosis of superimposed hemoh'tic anemia. 

]\fan>’ of the bone marrow studies reported in the literature ^vore made on 
sections of material obtained at autopsy and the results are not reported in suffi- 
cient detail. The findings in general conform to our own. In Davis’^ fourth 
case of myeloblastic leukemia there was scant noimoblastic erA'thropoiesis, most 
of the cells in the marrow being promyeloc.vtes and mj^eloblasts. Despite the 
apparent inhibition of eiarthropoiesis, the reticulocjdes in the blood numbered 
GG per cent. In Feldman’s^® case of subacute hmphatic leukemia, there was a 
progressi^’c increase in the number of lymphocj'tes at the expense of eiwthro- 
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poietic forms, and in Singer and Dameshek’s-^ cases 4 and 5 of chronic lymphatic 
leukemia the marrow was greatly infiltrated with lymphoc54es. 

P.VTHOLOGIC CHANGES IN SPLEE.N 

One of the more interesting phases of the pathogenesis of stmptomatic hemo- 
lytic anemia concerns the moiphologic changes in the spleen. Our material and 
the case.= reported in the literature indicate that “arterial” hyperemia of the 
spleen (also described as active hyperemia, overfilling of the pulp with blood or 
collapsed venous sinusoids in a lake of blood), as seen invariably in congenital 
hemolytic anemia, occurs also in .symptomatic hemoh'tic anemia.'- -• 

Vi'e have observed such a finding in Hodgkin’s disease (Case 5), lympho.snrcoma 
(Case 7) and metastatic carcinoma (Ca.'-'e S). Furthermore, we, and others,'- 
luave observed the same pathologic jn'eture in the .spleen in hemoh'tic anemia 
unassoeiated with other diseases in middle-aged or elderh' persons in whom 
then; was no reasonable evidence of a congenital or familial origin of the anemia. 
In the few cases of .secondary hemoh'tic anemia associated with carcinoma re- 
ported in the literature,-- '■ metasta.se.s were not jiresent in the spleen, although 
they were widespread, particularly involving the bone marrow. A po.ssible ex- 
ception is the case of Faulds and Mackay.- In most of these cases, the .spleen 
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A\'as enlarged and, as far as one can ascertain, ^'^active'' h3^erexnia was the usual 
finding. Manj-^ of the cases of sjmptomatie hemoMic anemia with “arterial”, 
hj-peremia of the spleen reported in the literature^’ showed sphero- 

c^dosis of the red cells of the circulating blood (Cases 5 and 8 ). There does not, 
however, appear to be an obligate relationship. In Case 7 , “arterial” hj-peremia 
of the spleen was present in a patient ndth macrocrdic (nonspheroc3dic) endhro- 
cjdes. The occurrence of spherocjdosis in the absence of “arterial” hj’peremia 
of the spleen has been described.®* ®’ 

In addition, there are numerous reports in which the clinical and hematologic 
pictures in sAunptomatic hemobdic anemia were similar to or identical to those 
in the foregoing cases, but in which the spleen did not show “arterial” hj'peremia . 
In some of these cases, spheroc3dosis of the red blood cells was observed, while 
in others, the eiythroc^des were normal in size or were macroc3dic. In such 
instances, the spleen often was involved ly the imderb^ing disorder, as br' 
Hodgkin’s disease, hunphosarcoma, chronic bunphatic leukemia.®- '■ “■ " 

In other cases exAdhrophagocrdosis, m\'eloid metaplasia, reticulum cell h3"per' 
plasia and hemosiderosis were prominent findings.®' ^® 

PEOBLEMS IN ‘THERAPY 

In considering therap3-' for this group of patients with s^-mptomatic hemobdic 
.anemia, several questions arise. Should the fii-st attempt in therap}" be to 
treat or eradicate the underb’ing disease? Should initial therapr' lie directed 
toward immediate alleviation of the excessive hemob'sis? Is there an3' likelihood 
that the hemohdic process ma3' subside spontaneousb* or, once established, is 
it likeh’ to continue or become more severe? 

The following remarks on radiotherap3' are based on obseiwations in our 
cases. Tlie imderb’ing disease was treated in onb* two of our patients, one hav- 
ing giant follicular b'mphoblastoma and the other having Hodgkin’s disease. 
In the former patient (Case 3 ), a complete course of radiotherap}’ could not be 
administered because of the development of severe leukopenia resulting from ex- 
ternal iiTadiation to the spleen. In this patient there was no evidence of re- 
cession of the hemobdic activit3’', despite the fact that the spleen diminished 
markedl3^ in size. The patient with Hodgkin’s disease (Case 4 ) had onI\' a mod- 
erateb’’ severe anemia and the degree of reticuloc3dosis was not striking. Tlie 
hemobdic anemia did not appear to be the important paid of the clinical picture. 
At the same time, the diagnosis of Hodgkin s disease could not be made xmtil 
the disease had entered its terminal phase and the patient exhibited high fever. 
In this patient radiothemp}* directed to the spleen, not onb" had no inhibiton* 
effect on the size of this organ which continued to enlarge, but the moderate 
■degree of anemia continued unchanged. Tlie details of these cases follow. 

CASE 3 

Giant Follicular Lymphobla^stoma 

M. L., a 65 year old man, was under obsen’ation for two months. A diagnosis of hemo- 
lytic anemia was made on the basis of peripheral blood and bone marrow findings and a 
■diagnosis of giant follicular lymphobla-stoma was based on biopsr- of an axillary’ h'niph node. 
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Throt' inontliH bi^foro iulnii.s,«ioii, lie noted tin) .«iiiJ(lfn onf-cd of weakness and flyspnea. His 
heniot-loliin was :12 )>er cent and was unnlTeefed by adequate ibernpy with refined liver 
extracts. Two djiy.s befon* adtnis.sion, purinirn Jind edema of the ley.s were noted. 

'Die relevant fjiet.s in the p.a.si history included the sudden on.sel of anemia with- 
out jaundice and a hemoghibin of 19 (mw eeiif six year.-i previou“Iy. .Splenomegaly w.as ob- 
served l)uf the cause of the ancniia wa.s not n.scerl;iiued. Treatment with transfu.sion.s and 
liver extract efTeelcfi .a j>arfial rerni.s-s'ion. Five nnd one-half year.*' ago }if‘ sustained a <'crc- 
bral .neciclenl. Thereafter he was well until the onset of the itrc.stml complaints. There 
wins no f.amily history of anemia, .splcnomi-galy or jaundice. 

'I'he patient wa.s well devtdoped and noiirisheil hut somcwlnit. pate and icieric. There 
wa.s .some putliness of the lower eyelids and eheinosi.® of tlie eonjunctivac. Tliere wore 
numerous firm, discrete, movable lymph iiode.s. The heart and lungs were riot remarkahle. 
Tlu! liver and apleeii were both grettlly enlarge'!; (Jm former wa.s firm Jind its edgtf wris felt 
•1 cm. below the right eo.stal margin, wJiile the .spleen could be felt as low ns the right lower 
abdominal (puulrniit. Slight pitting edema nnd numeroti.s (rtirfiurir. !iren.« were noted over 
both legs. 

Hennitologic examination revealed the following; hemoglobin. 19 jrf'r cetit; erythrocytes, 
2,9tX).(KX): leukonyfc.s, .‘HtX); and jil/iielels, J(K>,tXX). The .segmented neutrojihil.s numbered 
•Ui per cent; non.Hegmented neutrophils, 9 imr cent ; lymiihocyles, .10 per cent; monocytes, 9 
per cent : and reticulocytes, SJ> per cent. 'J’he erylhrocyle.s were of normal diameter on the 
.stained slide ami sjiheroeytes were not ob.served. The saline fragility test of the erythro- 
eyte.s revealed hemolysis starting in 9.1-1 jier cent sotlium chloridi’ titui comj>iete hemolysis 
in 0.21 jier cent solution. The Itlceding time wjls one nnd one-half minute.s, the eoagulation 
time of venous blood was six minutes and the clot retracted norm.ally. The capillary 
re.si.slunce test w.as negative. Study of the hone nnirrow obtained by sterna! niiirrow 
aspiration revealed a total nucleated cell count of Ifitl.fKX) per cu. mm. with 00 megakaryo- 
cytes per eu. mm. The neutroj)hiIic myelocytes were l.'t per cent; nonsegmentod neutro- 
phils, 10.0 jier cent; segnaailcd neutrojdiils, 1.1 js*r cent; lymphocytes, 1 .-1 jwr cent ; 
licmatogone.s, 2.7 per rent ; eryf Iirohla.sl.s, 7.1 jK’r cettt; normob)a,si.«, 02.3 |>er cent. 

The ieteru.s index wa.s 21, later falling to 12 .and the direct van den Hcrgh reaction w.os 
negative; otherwise tlie blood cliemistry w.as norm.nl. I'ric acid cry.«talluria was frequent. 
Bilinibimiria wtis tibscnt and the urobilinogen w;i.s m.nrkedly elevated being iiositive in a 
1/12S0 dilution (Wallaco-Ditimond technic)- Occult blood was not found in the fcce.«. The 
blood \V.n.«serjnann test was negative. Jloenlgenologlc examination failed to disclo.«e ah- 
normalilic.s in the lungs, mcdiii.slitium or g.nstro-intestiiml tract. 1-Isoi)hagoal varice.s wore 
not present. An :ixill:iry lyinpli no<Ic biop.sy revealed the lyi>iral chtinges of giant follicular 
lyinpliobla.stoma. 

The patient exliibitcd a low grade fever during tlie period of observation. Three treat- 
ments with x-irradiation of .aO r each were given to the four abdominal quadrants both 
anteriorly and iw.steriorly. There w;i.s no effect on tlic.^overity of the anemia hut the spleen 
receded greatly in size. A fall in the white blood cell eonnt to IGoO forced cessation of this 
thoraijy. He subsequently received five blood transfusions totaling 2-5(X) oc., two of which 
were followed by mild pyrogenic reactions. Despite this, the hemoglobin at the time of 
di.scharge from the hosjjital wa.s 38 per cent. The leukocyte count had risen (o the level 
existing prior to radiotherapy. A complication of the loukopeiua wsis .a suhmandibul.ar 
abscess which was incised. The wound healed rapidly as the leukocyte level imiirovcd. 
The edema and purpura cleared completely. 

In this case it i.s itrobtiiile lliat. Iho ginot follicular lymphohlastoma had been 
present for six veal's. Its natural histoiy was punetuaf ed by episodes of anemia, 
one at. least being of tlie hemolytic type. The subsidence of the anemia which 
occurred early in the di.scase maj’ have been due to a spontaneous remission of 
a secondaiy hemolytic anemia. 
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CASE 4 

Hod(]]dn'& Disease 

S. J., 60 j'ears old, a building superintendent, •was studied extensively in tbe hospital 
■during a two month period. The diagnosis of hemolytic anemia was readily made, but that 
of Hodgkin’s disease was not made \mtil after six weeks when Ijunphadenopathy appeared 
and biopsy was performed. His illness started four months before admission with weakness 
and dizziness. He lost 35 pounds in weight prior to admission. He was carefully examined 
repeatedly at another hospital but a definite diagnosis was not possible. At that time, after 
one month of illness, enlargement of the liver and spleen was found. 

On e.xamination he appeared pallid, subicteric and chronical!}' ill. The l}Tnph nodes 
were not enlarged. There were no abnormal findings in the heart or lungs. The abdomen 
was somewhat distended by the liver and spleen, the former extending 4 cm. below the right 
costal margin and the latter 5 cm. below the left costal margin. 

Hematologic studies of the peripheral blood showed; hemoglobin, 56 per cent; erythro- 
cytes, 2,5.50,000; leukocytes, 5700; platelets, 100,000; hematocrit, 26 per cent; mean cor- 
puscular volume, 104 cubic microns. There was a mild macroc}'tosis and spherocj-tes were 
absent. The segmented neutrophils numbered 39 per cent; nonsegmented neutrophils, 
17 per cent; segmented eosinophils, 6 per cent; Ijunphocytes, 30 per cent; monocytes, 8 per 
cent. The reticuloc}'te count was 12 per cent. The hypotonic saline fragility test of the 
er}-throcytes revealed beginning hemolysis in 0.44 per cent sodium chloride and complete 
hemolysis in 0.24 per cent solution. The acid hemolysis (Ham) test was negative. Exam- 
ination of the aspirated sternal bone marrow revealed a total nucleated count of 150,000 
per cu. mm. with 88 megakarj'ocytes per cu. mm. The neutrophilic myelocytes were 15 
per cent; eosinophilic myelocytes, 2 per cent; nonsegmented neutrophils, 10 per cent; seg- 
mented neutrophils, 4.4 per cent; segmented eosinophils, 3.0 per cent; lymphocytes, S.3 
per cent; erythroblasts, 9.7 per cent; normoblasts, 44.3 per cent; megaloblasts, 2.0 per cent. 
Blood chemistr}' was normal except for the icterus index which was 7. Radiographic exami- 
nations of the gastro-intestinal tract, chest, skull and long bones failed to disclose any 
pathologic lesion except for a pressure defect on the greater curvature of the stomach due 
to the enlarged spleen. The blood Wassermann test was negative and the basal metabolic 
rate, plus 16 per cent. On repeated urinalyses there was a small amount of albumin; the 
urobilinogen was positive up to dilutions of 1/40 (W’allace-Diaraond test) and moderate 
numbers of granular casts and occasional red blood cells and white blood cells were apparent 
in the sediment. Fractional gastric analysis, following the administration of histamine, 
yielded normal amounts of free hydrochloric acid. The Mantoux test was negative with 
1 mg. of old tuberculin. 

During the first five weeks of hospitalization, the temperature fluctuated between 99 and 
101 F. Thirty mg. per day of folic acid was administered orally, followed by large amounts 
of both crude and refined liver extract parenterally without any significant effect on the 
clinical picture. Frequent repetition of the blood examinations showed relatively little 
fall in the hemoglobin and red blood cells. The slight macroc}'tosis, elevation of the color 
index and icterus index and reticulocj'tosis persisted. .At this time, lymphadenopathy 
of mild degree first appeared and biopsy of an axillarj' node showed Hodgkin's disease. 
Aspiration of the enlarged spleen yielded a small fragment of tissue showing fibrosis and 
very occasional abnormal reticulum cells. 

By the time this definite diagnosis was made, the patient was entering the terminal phase 
of bis illness. The temperature gradually rose to 105 F. The patient was given seven 
blood transfusions, totaling 3500 cc., without reactions, but a rise in the blood count could 
not be effected. Seven x-ray treatments of 75 r each were given over the spleen. Never- 
theless, there was progressive enlargement of the spleen as well as of the liver and lymph 
nodes. At the time of exitus the spleen extended into the pelvis. Shortly before death, 
infiltrations and hemorrhages appeared in the ocular fundi and there was bleeding from the 
gums. At this period, the platelet count fell to 50,000 per cu. mm. The last few days were 
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ninrkcd l)y groat dol)ilii3’, cotigh, oyanoyis, huliliHng ralos in IkiIIi lungs, severe icterus, bil- 
irubinuria, oliguria and ar.olotnia. An autopsi' exaininnlion was not granted. 

Tins was a caso of Hodgkin’s disease of si.K monfh.s’ dural ion, during tlie counse 
of which a moderately severe hemolytic anemia was observral. Clinically, the 
impression was gained that the blood dy.scrtisia did not contribute greatly to the 
short ami rapidly fatal cotu'se. ''i'ljcre was no clinical evidence? of direct, involve- 
ment. of the Ijone marrow by Hodgkin’s tissue. 

Our other obsomitions relt'vani to nuliothenipy are derived from a patient 
with Hotlgkin’.s di.ycjasr; (Case o). This patient received .‘■yst emic e.vtenial nidia- 
iion after splenectomy failed to control the exre.s.«ive hemolytic tendency. In 
this in.stance, there was a most remarkable course over a five year period after 
spleueclomy, when, on .sovonil occ:isions, nidiothcrai)^' to the neek or media- 
stinum effected dnnnatie remission in the hemolytic anemia. 

Further information cojicerning theelTeet of radiation in symi)tomatic hemo- 
lytic anemia ean he obtaimal from ease a'port.s in the lit omture on the treatment 
of lymphosJircornji, Hodgkin'.s disease or lymjihatic leukemia wifii x-rays. In 
]naelieallyall these instances tlio details of the thenipy ami the time relationships 
between it and the anemia are not clearly .stated. In two cases, one of chronic 
lymphatic leukemia-^ tmated by the .’'■i)niy technic ami directly over tlie spleen, 
and another of Hodgkin’s disease in which trcatincnt was applierl to the cervical 
lymph mtde.s--a symptomatic hemolytic anemia apjieared so soon after radiation 
as to raise the possibility that the thempy might have been a factor in precipita- 
ting the hemolytic phase. In the former case, continuation of ladiothcrapy ap- 
peared to aggmvale the hemolytic anemia. In four otlier instance.^*’ a 

similar sequence occurred but the intcnail between treatment and the anemia 
was so groat as to indicate the i)n»bahility of coincidence. In three reported 
cases, radiotherapy given after a diagnosis of symiJtomat ic luunolyt ic anemia had 
been cstabli.shcd seemed to have a boneliciul effect on the anemia, but the resxdts 
Avero. not alwaj's striking. In one detailed case of probable chronic lymplmtic 
leukemia,'* .\-my treatment OA'cr the spleen was followed by a rise in hemoglobin 
from 30 to 90 jAcr cent, a rise in red blood cells from 1,200,000 to -1,300,000 per 
cu. mm., a fall in reticulocyte.s from 35 to O.-l per cent and a disiippeaiance of 
jaundice. In another incompletely de.scribcd case of lymphatic leukemia by 
the same author, marked imiArovemcnt hematologically and clinically followed 
similar therapy. In a case of lymphosarcoma,'* the marked improvement of the 
anemia following .sploncclomy and mdiotherapy was probably due to splcnec- 
toni}'. In Haden’s” case of jjossible .sjircoid of the lung, an almost complete re- 
mission of a modcmtcly severe hemolytic anemia Avas induced by nidiothcKqjy 
to the pulmonarj' lesions. A probable mild spherocytic hemolytic anemia in a 
])aticnt Avith chronic myeloid leukemia AAas improA-cd by i-adiothcmpy to the 
spleen in one of the cases reported by Pasclikis.-* 

It is not possible at the present time to assess the A-alue of radiotherapy in the 
treatment of the anemia in those cases of sA’inptomatic hemolytic anemia asso- 
ciated Avith diseases otherAvise sensitive to i-oentgen therajAv. In A’ieAV of the 
fact that the spleen in such cases maj' not be involved by lymphoblastoma^’ 
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15, 20 . 2 s. 29 and may reflect either thehemohi>ic tendeDcy (?.e., ‘‘arterial”ln'peremia) 
or other changes, radiotherapy' may’^ or may not be of value if centered only' over 
this organ. On the other hand, obsen'ations are too meager to state the probable 
effect of such treatment directed to the spleen in a patient ivhose spleen does 
not shon* the characteristic lesions of the underlying disease.^- '• “• "■ 

There is also -no available information concerning the effect of x-ray treatment 
in these cases when such treatment is directed to mediastinal or cervical regions 
prior to splenectomy^ There are a few obseiA-ations, including one thoroughly' 
documented case that we have ob.sen'ed (Case 5), to indicate that after splenec- 
tomy* such treatment may have a decidedly* beneficial action. The possibility* 
that x-ray* treatment may' be a precipitating factor in the hemoMic syndrome 
is of theoretical interest only', for even if such an eventuality' occurs, it is certainly* 
rare. Because of such variations in the localization of the pathologic changes 
and responses to radiation, it 1= not possible to predict the therapeutic effect of 
radiation in symptomatic hemolytic anemia secondan* to the ly*mphoblastomas 
and leukemias. !Most of the evidence m'dicates that, wherever possible, radio- 
therapy* should be gi\'en a trial. 

VALUE OF SPLEXECTOWY 

Our data promde conflicting facts regarding the value of splenectomy*. In 
a patient with Hodgkin’s disease (Case 5) the .severe anemia, reticulocy*tosis, 
sphere cy*tosis and increased fragility of the ery*throcy*tes remained imchanged 
throughout the month folio u'ing splenectomy' and, as previously mentioned, was 
remarkably improved by' radiotherapy*. In another patient (Case 8) whose 
anemia was complicated by the presence of three diseases (ulcerative colitis, 
hematogenous tuberculosis and carcinomatosis), there ^as a temporary improve- 
ment after splenectomy. Tlie red blood cell count rose from less than 1,000,000 
per cu. mm. before splenectomy' to more than .3,000,000 four weeks later and was 
accompanied by* a fall in reticulocy'tes from 40 per cent to 4 per cent. This im- 
provement was short-lived, however, for a severe relapse set in soon thereafter 
and continued for as long as the patient remained under obser\'ation. Similarly*, 
in a patient with Iy*mphosarcoma without spherocytosis (Case 7), there was 
temporary' reduction in the severity* of the hemolytic anemia after splenectomy*. 
A severe relapse tenhinated in death. A splenectomy* w'as also performed (Case 
6) in a patient with Hodgkin’s di.sease who had neither spherocy'tosis nor increased 
fragility of the ery'tlnrocytes. The response of the hemolytic anemia w'as mo.st 
gratify'ing and persisted until the patient succumbed to her underly'ing disease. 
In this patient, the eiy*throcyte coimt rose from 2,300,000 to 4,650,000 per cu. 
mm. while at the same time the reticulocytes fell from 19 to 1 per cent. The 
following cases illustrate the variable effect of splenectomy on the hemolytic 
^-ndrome. 

CASE 5 

Hodghin’s Disease 

A. M., a 33 year old woman, was under observation for twelve years. During this period 
she had severe hemoh*tic anemia for which a splenectomy* was performed. She later re- 
ceived repeated courses of roentgen therapy for Hodgkin’s disease, and finally died with a 
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picture of nontropical epriio due to ninj'loidosiB of the snodl intestine. "When first oh.>"erved 
she stated tliat slie liad been iineniic for ninny years, nUhouph sludj' of the Idood had never 
been made. Tiicre was no familial history of anemiii, jaundice or sjilenomepily and the 
patient had not been expn.sed to noxiou.s aKenfs. .Marked weakne.^.s of one week’s duration 
was the presentint; .syin|)tom. .She wa.s iclerie, and pale and numerous heniorrhajre.s were 
observed in the fundi. few .small anterior cervical lymph node.s were present. The liver 
was felt 1 tinnerbreadth below the riRlit co.stnl margin but the spleen could not bo pal- 
pated. 

The results of blond studie.s on Ihi.s and later occa.sions are given in Table 2. 
The differential blood count showed non.segmenled neutrophils, l.o j>er cent ; .segmented neu- 
trophils, G-1 per cent; ,seKmente<i eosinophiks, 2 (ler cent; lymphocytes, 15 i>er cent; 
monocytes, -t per cent. Th(‘ \Va.«sermann test was negative; the icterus index wa.s 17; the 
van den Bergh reaction was delayed positive and repeated urinaly.se.s were negative. The 
total twenty-four hour urobilin excretion in the urine was 7.5 mg. There ivcre no .‘signifi- 
cant elevations of tcmijcrature. Becau.'-e of the failure to note hennitologie or clinical im- 
provement, splenectoinj* was performed two and one-half week.« after admis.'-'inn. 

The spleen wa.s free of adhesions and was removed easily. There were no enlarged nodes 
at the hiluin; there were no acces'.sory spleen.s. The organ w.a.s somewhat enlarged and en- 
gorged with blood .showing, on mieroseopii: examination, marked liyperemia of tlie pulp 
ami relatively empty collapsed .sinusoifl.s. The Jiielure wa.s that of “active hyperemia” 
a.s observed in bcmolylie icterus. There was no evidenre of Hodgkin’.*! tli.-'case. 

During the first montli after sideneelomy she exhitiited an irregular t<-niperature reaehing 
!i.s high as 102 T. The wound from the s)>Ieneetomy healed prnmplly. .She eontinued to 
show maiiifc.stations of heiiudytic anemia. -Vt this time she began to eomplain of pain in 
the right lower jioslerior portion of the chest; dulnes.s and a plenral friction ruh were de- 
tected. Boentgonogrnphie examination revealed a homogeneoii.s den.sity in the region of 
the right lower lobe tind an unusual enlargement of the traebeobronebial lynifib nod<!S at 
the root of the right lung. Kxamination of the rhest fluid for tnhcrele bacilli or other 
bacteria w.a.s negative. Because of the po.s.sibility liiat tin* tboracie lesion was <iu(! to .a 
malignant process and also for diagnostic purposes, radiation therapy directed towaril the 
mediastinum and the right lower lolw was given for two weeks. Consideralde im- 
provement resulted. The. temperature fell to normal, the anemia improved and tiie spher- 
ocytosis and rc(icuIoc 3 'to.sis dimini.shcd greatly. X-ray examination now .showed com- 
plete resolution of tlie pulmonary process and distinct slirinknge of the lymph tiodes. The 
patient was discharged from tlie hospittd at f tiis time and was followed in tlie clinic. The 
rapid subsidence of the lympluidcnopat by suggested the presence of a malignant lymphade- 
noma. 

Tlie patient remained relatively well for four and one-half years tit the end of which time 
she suddenly cxperioncctl a severe sore throat nn<l oliserveil enlarged cervical lymph nodes. 
The only therapy during this interval consisted of inorganic iron ortilly because of a 
tendency to develop hypochromic aiicniia. There was no definite evidence of hemolytic 
anemia over tlicsc years, althoutli our ob.'jervafions are not complete regarding this pnliit. 

On this occasion, December 7, lO.tC, she w.a.s ii.ale, 1ml not icteric. There wore many 
enlarged lymph nodes. X-ray e.xaiiiination of the chest revealed a large ma-ss of lymph 
nodes in tlie superior mediastinum and at the root of the right lung. The hematologic 
studies are given in Table 2. The icterus index was G. Bopeated urinalyses indicated tlie 
Iirescncc of urobilinogen (Wallacc-Dianiond) in a dilution of l/SO. Bioji.sy of an enlarged 
supraclavicular lymph node revealed Hodgkin’s tii.scase. The patient was afebrile through- 
out her liospitnl stay of two and one-half weeks. X-ray ircalmont was applied to the 
mediastinum and the neck following which she iinjirovod greatly. She remained well 
enough to forego medical attention for fen months during which time she was not under 
supervision and did not take any medication. 

Slie was observed again on October IS, 1937, complaining of pallor and weakness, and was 
found to be pregnant. There was no evidenee of recrudescence of cither the Hodgkin’s 
dise.'ise or the hemolytic anemia; blood study (sec Table 2) revealed a moderately severe 
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hypochromic anemia of pregnancy which improved eonsiderablj- after iron therapy. Four 
months later she had an uneventful deliven,' of a living child. 

Studj' was again interrupted by a period of two j-ears during which time her general con- 
dition was good. Progressive enlargement of her cervical Itunph nodes, requiring radiation 
treatment, brought her under our care again on Februarj* 26, 1940. For the first time, now, 
the In-potonic saline fragility test of her erj-throci-tes showed no increase and spherocytes 
were absent. Examination of the sternal bone marrow obtained by aspiration revealed 
erj'throblasts, 1.0 per cent and normoblasts, 11..5 per cent. 

She again e.vperienced a prolonged remission free of complaints, which was followed by 
reappearance of the cer\'ical and axillarj* adenopathy' on April 12, 1944. Hematologic 
study showed mild hypochromic anemia with a complete absence of any of the signs of 
hemolytic anemia. Examination of the erythrocytes in the stained smear revealed a 
tendency to an increase in diameter, hypochromia and many target cells. The erythro- 
cytes were thin; the mean corpuscular volume was 91 cubic microns. The icterus index was 3 
and the acid hemolysis (Ham) and heat resistance tests were negative. Cold and warm 
(37 C.) agglutinins or hemolysins (homologous and heterologous group A) were not present. 

A month after the cessation of x-ray treatment her terminal iUness had its inception 
with severe unremitting diarrhea and anorexia. The stools were light brown, greasy and 
malodorous but free of blood. There was a 30 pound loss in weight. She was admitted to 
the hospital twice (August and October, 1944) and presented the picture of marked ema- 
ciation. There was no e\'idence of a hemolytic process. Treatment during this episode 
consisted of several blood transfusions and massive intravenous medication with vitamins, 
fluids, amino acids, glucose and sodium chloride. There was a temporary improvement 
followed by a fatal recurrence. 

Autopsy examination revealed Hodgkin’s disease, involving the lungs and the thoracic 
and retroperitoneal lymph nodes with fibrosis alternating with extensive caseation ne- 
crosis. The mesenteric nodes were not particularly involved. Focal amyloidosis of the 
submucosal vessels of the small intestines was responsible for the diarrhea. There were no 
abnormalities in the lumbar vertebral bone marrow. Several calcified calculi were present 
in the gallbladder. There were no accessory spleens nor was there any abnormality of 
the hemolymph nodes. 

One cannot state with certainty that this patient did not have congenital 
hemoMic anemia complicated by, and imrelated to, Hodgkin’s disease. It is 
not possible to evaluate her statement that she had been anemic for many 
j^ears. We believe that the spherocj-tic hemolytic anemia in this case was 
causally related to the Hodgkin’s disease for the following reasons: (1) Both 
diseases seemed to start at about the same time, clinicalhy (2) During a 
postoperative (splenectomy) period of one month there was no recession of hemol- 
ysis. (3) Tlie excessive hemolysis, anemia, reticulocidosls and spheroc\dosis 
varied directly over part of tlie course with the activity of the Hodgkin’s disease, 
diminishing or disappearing following x-iay radiation and reappearing with 
recrudescence of the l\'mphadenopathy. (4) The replacement and complete 
disappearance of the spherocjrtosis and the increased hypotonic saline fragilit}" 
of the endhrocxies (after a period of eight years following splenectomy) by 
macrocytcsis and target red blood cells. 


CASE 6 

Hodgldirs Disease 

R. K., a 43 year old woman, had four admissions to the hospital, between .January, 1943 
and February, 1944. She was observed prior to development of anemia and during a phase 
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of moilorately severe liemolylie nneniiii wliieli was lorniinated by Kploneetomy. In lier final 
illness, when evidence of excessive hcimilysis was no longer present , she presented tlie elini- 
eal picture of rapidly proj;r(>ssive Hodp:kin's disease. The patient and her family pive no 
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Radiotherapy to Neck and .Mediastinum 

Doe. 12 

(1 T.): ! . 'o.fii^t;o.32''; 
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10 
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35 

1.70 il2,S(X)3S0,0(10: 


32 1 

Doc. 25 

(2 T.) 

! 1 
: 



Radiotherapy to Xeck tind Meilia.stinum 

Oct. IS. 1937 

*15 

3.42 ! 10, 200 280,000! 

Sphenicytes ? 


Feb. 4, 1938 

GO 

4.75 |]S,2(Kb320,OOOj ! ; 



Feb. 10 


PrcKuaney and Delivery of liiving Btiby 


Feb. 20, 1940 

58 

3.20 10,250 270, OOO! Xor- i 

Maerocyte.s 

0.5 1 



1 ; ; niai ; 

Target cells 


Radiotherapy to Xeck 

July 3 

05 (1 T.) 

; i 1 ^ i 

1 1 1 1 : 
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TABLE 2 — Continued 
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! c?Ss I 

' ini/- * ^ 
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|pEECU-i I ^• 

I jai. f 
1 i I 


f i 
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j = AEIXE i 
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1 I 
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; HLO- RED 
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Radiation Castration 

Nov. 25 

j 50 

i 3.5S jl4,000l \ i j 

i 

i 1 

Dec. 20 

70 

1 i 6,goo| 1 i 1 

i i 

( 

Apr. 12, 1944 

64 

1 3.76 j 9,750j340,000;0.44%;0.12%i Macrocytes 

1 0.5 ■ 

1 

j 

i 

j i i ill Target cells 

! ! ! i ! J 

1 1 

i ; 

Radiotherapj' to Neck and Axilla 

Aug. 11 * 

|70 

i 3.70 ! 6.500; | j 1 

i ■' 

1 ' 

Oct. 5 

(70 

j jl0,700! 1 i i 

i ! i ; 1 1 

: * 


T. indicates number of blood transfusions given, each of 500 cc. 


history of jaundice, anemia or splenomegaly. She had not been exposed to any know'n 
noxious agent. 

Her illness started in July, 1942 with menometrorrhagia followed soon thereafter by 
weakness and dizziness. Two blood transfusions were administered because the hemo- 
globin was found to be 50 per cent. Soon after she developed a generalized pruritus and she 
was admitted to the hospital. Examination revealed a well nourished patient. There 
were several small discrete hunph nodes in the posterior cervical regions and in both axillae. 
The lungs were clear and the heart was normal. The liver was palpable 1 fingerbreadth 
and the spleen 2 fingerbreadths below the respective costal margins. There was line 
desquamation of the entire skin. She had no fever. 

The blood counts and the results of biopsies are given in Table 3. The platelets numbered 
140,000. The differential leukocjde count revealed segmented neutrophils, 62 per cent; 
nonsegmented neutrophils, 6 per cent; lymphocytes, 13 per cent; monocjdes, 4 per cent; 
eosinophils, 15 per cent. Urinalysis jnelded normal findings. Free hydrochloric acid was 
present in the gastric contents. Blood chemistn.' was normal except for proteins; and the 
Wassennann test was negative. Repeated determinations revealed the total serum protein 
to be 4.6, 5.8 and 5.3 gm. per cent and the globulin fraction O.S, 0.9 and 0.5 gm. per cent. A 
diagnosis could not be made and the patient was discharged. 

For the ensuing two months the patient was relatively well except for pruritus. Then in 
April, 1943, she became weak, pale and icteric and had a low grade fever. On examination 
she appeared chronicalh' ill. There were many round hemorrhages in the ocular fundi. 
L>Tnphadenopath 5 ' was not present. There was a rough blowing systolic hemic rnimnur 
over the entire precordium. The spleen was considerably larger, reaching almost to the 
level of the umbilicus, while the liver was now palpable 4 fingerbreadths below the right 
costal margin. The eosinophilia was no longer present. The erj'throcytes were of normal 
size and spherocAdes were not present; the acid hemolysis test (Ham) was negatiA-e; the cold 
hemagglutinin titer Avas 1/10; there AA-ere no hemolysins present (added complement) for 
homologous or heterologous (group O) erA-throcyles; the Donath-Landsteiner test was 
negatiA'e and the serum formol gel reaction was negatiA'e. QuantitatiA'e urobilinogen excre- 
tion determinations revealed 571.9 mg./day (aA’erage of four days) in the stool and 3.3S 
mg./day (aA-erage of two days) in the urine. A blood culture (fourteen days' incubation 
under 10 per cent carbon dioxide) showed no growth. The brucellin (Lederle) test failed to 
rcA'cal dermal hypersensitiA'ity. There Avere no agglutinins in the serum for Brucella abortus 
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or mcliknais and tho ojjsonoplmpocytic tost was likewise nepati^'e. IJoentpcnoprnpliic 
stvidj' failed to reveal lesions in llie skull, hones of the extremities or the lunps. 

Durinp the two week period before splcncetomy the teinperature varied from 98.G to 
100.4 F. The spleen was found to be adherent and there were no acec.ssory spleens. It 
weighed 1060 pm., was grayi.sh red and moderately firm. There was an infarct at the 
upper pole and the pulp was not hemorrhagic. The pathologic diagno.sis wjis “granuloma- 
tous process resembling the .spleen of brucellosi.s". There were many round granulomas 
formed of large immature reticulum rell.«, eosinophiks, lymphocyte.s and polymorphonu- 
clear leukocytes. Several smuU lymph nodes present at the hiliis of the s|)leen appeared 
normal. Clinical improvement was ste.ady as the pallor and icterus subsided. Two weeks 
after sidenectoiu}' the urobilinogen excretions were normal, j.c., 05 inp./day in the stool 
(average of four day.s) and 0.S5 mg. /day in the urine (average of two day.s). 

Five months later (November 11)18), she was feeling well but had observed the pre.<ence 
of enlarged cervical lymph nodes. The.se were hard, movable and discrete, measuring up to 

4 cm. in greatest dimension. The splenectomy .scar was well healed and the liver was 2 
lingerbreadths below the costal margin. The cardiac murmur had almost completely di.«- 
apjjcared. The platelet count was now elevated to 800,000 .and the differential blood count 
rcvealeal segmented neutrophils, 65 per cent; nousegmcntc<l, 5 per cent; segmented eosino- 
phils, o per cent; ba50[)hils, 1 p(!r cent ; lymphocyte.s, 12 (Mm rent; monocyte.s, 12 per cent. 

The terminal episode occurred in .Tanuary 1011, when .she developed diarrhea, dyspnea, 
orthojinca, cough and fever. The anterior and posterior cervical lymph nodes were mark- 
edly enlarged, firm, fixed and not tender. There was a trace of albumin in the urine with 
ocea.sional white blood celks, red Idood cells and granular casts. The blood protein now 
totaled 4.0 gm. with 2.S gm. albumin and 2.1 gm. globulin. Tcst.« for brucellosi.s were again 
negative. Her condition progressively deelineil with the temperature varying between DO 
and 100 F. Sulfamerarine therapy was without effect. Sixteen x-ray treatment.s, each of 
75 r directed over the lower portions of the lungs and the right upjier abilominal quadrant, 
were likewise ineffectual. The .symptoms noted on admi.csion continued unabateii and the 
patient succumbed. 

The pertinent autopsy findings includcil some lymphadenopalhy with firm to calcific 
discrete node.s in the cervical, tracheobronchial, paratraeheal, mesenteric, periaortic and 
porta hepatis regions. Lymphatic elements were largely reiilaced by a collagenous reticu- 
lum in which multinucleated cells, eosinophils and foci of neero.sis or chronic inflammation 
were observed. The heart was not enlarged but wa.s flabby. There was a considerable 
increase in the periadventitial cells. In the lungs there were many dark nodules meiisuring 

5 to S mm. in diameter. Microscopically, there was an extensive, highly vascularized loose 
connective tissue reaction which niipearcd to start in perivascular locations and involved 
the septa. Cellular nodules in which numerous mitotic figures could be seen wore observed 
in this granulation ti.ssue. The kidneys likewise contained a number of nodules of histio- 
cytes, multinucleated cells, lymphocytes and occasional polymorphonuclear leukocytes. 
Areas of severe focal necrosis with pohunorphonuclcar leukocytes and giant cells were 
present in the bone marrow. Tlie over-all impression of the histopathologic changes was 
atypical Hodgkin’s disease. 

CASK 7 

Lymphosarcoma 

jM. T., a 55 year old woman, died of hemolytic anemia after an illness of six months despite 
the fact that splenectomy had been performed. She was of English extraction, from a 
family free of hemolytic disease, anemia, jaundice or splenomegaly and she had not been 
exposed to known toxic agents. 

Six months before coming under our observation she noted the onset of weakness, drowsi- 
ness, dyspnea and epigastric fullness. Soon after she was told that she was j.aundiced. Four 
months later she entered another hospital, where a diagnosis of hemolytic anemia was made 
and roentgen examinations of the chest and gastro-intestinal tract were found to be negative. 
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On examination at Tlie Mount Sinai Hospital, she was observed to be pale and moderately 
icteric but showed no e^ddence of weight loss. The papillae of the tongue were atrophied. 
There were no enlarged lymph nodes. The heart was enlarged to the left and a hemic 
sj'stolic murmur was present o%'er the precordium. The spleen was palpable 3 fingerbreadths 
below the left costal margin; its edge was firm, blunt and not tender. There was slight 
tenderness in the right upper abdominal quadrant but the liver could not be felt. There 
were no hemorrhagic phenomena. 


T.ABLE 3 

Hematologic Fixdixgs ix C.\se 6 


CATE 

nB. 
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CEKT, 

ERVIH- 

RO 

C\TES 

MIl.- 
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: i ! 
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1 US 
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i 

i 

: 

I 

i 

1 

' COIUTE-VTS 

' 

Jan. 14, 1943 

92 

5.09 

1 t 

1 6.000; 0.9 

43.0':0.44%|0.34%i 28.5 

: 

i 

_ 

Pruritus. Biopsj’: 




1 ■ ! 

i 

' 

focal chronic 




1 

t 

1 

1 

! 
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K'mphadenitis. 
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3S 
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! 

1 2,300 14 

J 

21. 5i 1 

! ! 

i 67.6 


, 

INIaj' 10 

52 

2.30 

1 

i 3,500 19 

io.44%io.2S%! 


Low grade fever. 

Maj' 14 


Splenectomj'. 500 cc. blood transfusion 


Pathologic report: 
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disease. 


Study of the peripheral blood showed the hemoglobin to be 30 per cent; er 3 *throc 5 'tes, 
1,145,000; leukocj'tes, 22,350; platelets, 180,000; nonsegmented neutrophils, 14 per cent; 
segmented neutrophils, 50 per cent; segmented eosinophils, 2 per cent; Ij-mphocj'tes, 27 per 
cent; monocjdes, 5 per cent; mj-elocytes, 2 per cent. There were 15 normoblasts per 100 
leukocytes and 30 per cent reticulocj-tes. The hematocrit was 17 per cent and the mean 
corpuscular volume, 148 cubic microns. There were no spherocj'tes, the erj-throcj-tes being 
primarih' macrocj'tic and somewhat hj'pochromic. Basophilic stippling was evident. The 
fragility test of the erj'throcj-tes revealed heraoh'sis beginning in 0.48 per cent sodium chlo- 
ride and complete hemolysis in 0.24 per cent solution. Other hemohdic tests were negative, 
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namely, the acid hemolysis test, the heat resistance tost, the cold hemagplutinin test (titer 
1 to 5) and test of (he patient’s serum for agglutinins and hemolysins at 37 C. Ilemo- 
globinemia was not present. The sedimentation rate of the red blood colbs was 1,50 mm. in 
one hour (Westergren); the serum forniol gel reaction was negative; the icterii.s index was 
30; the plasma prothrombin index was 100 per cent. Chemical examination rev'caled; non- 
protein nitrogen 30 mg., total scrum proteins 7.0 gm. with a normal albumin-globulin ratio, 
negative direct van <Ien Bergh reaction, ccph.alin-cholesterol flocculation between 1 and 4 
plus and alkaline phosphatase 10 King-Armstrong units per 100 ce. The broinsulphalcin 
lest (2 mg. jwr Kg.) showed 15 per cent retention after tliirty miimfe.s. Sternal bone marrow 
obtained by aspiration sliowed a total nucleated cel! count of 235,000 per cu. mm. with 11 
megakaryocytes per cu. mm.; neutrophilic myelocytes 9.2 per cent; erythrohhists, 7.2 per 
cent; normoblasts, CO.S per cent. Several urine (examinations revealed normal findings 
except for the urobilinogen wbicb wn.« increased to 1/150 f\Vallaee-Diara<ind). 

Prior to splenectomy, which was performed one week after admi.s.sion. five blood trans- 
fusions were given witliout reaction. The spleen was markedly enlarged, weighing 1470 gm. 
The fail of the pancresis was firmly adherent at tlic hilms and severid enlarged lymph nodes 
were observed. The pulp of the s|)!cen w<ls dark red and fleshy, showing several infarct.s, 
scattered hemorrhages and tiny irregular whitish foci. Microscopic e.xamiuation revealed 
IjTuphosarcoma in the. spleen and lymidt nodes, in addition to the splenic “arterial” hyper- 
emia characteristic, of hemolytic anemias. 

The immediate reaction to the operation was relatively favorable despite the deepening 
of jaundice and tlie appearance of hiliruhinuria. One week after ojieration the hemoglobin 
was up to .50 per cent and the reticulocytes had fallen to 12 per cent. Nevertheless, the 
moderately febrile course which was present persisted and became more marked after the 
first week. Twelve days .after oiMwat ion it was clear tiiaf hemolysis wjis again active. The 
hemoglobin was 42 per coni and the erythrocyte count was 1,S10,000; there were 40 normo- 
blasts per 100 leukocytes and the reticulocytes had risen to 35 per cent. The exce.ssive 
urobiliuogeuuria jwrsistcd. Soon thereafter persistent vomiting set in, the temperature 
rose and tlio patient died of uncontrolled hemolytic anemia sixteen daj’s after splenectomy. 

Prior to the c.xamination of the pathologic .specimen there was no indication 
of lymjiliosarcoma or of any oilier disorder e.xcept hemolytic anemia and, while 
the moiTiholog}' of the red blood colls wa.s most unusual, the decision to perform 
splcncctomx’ was forced by the re.lcntle.ss progi'cs.s of the anemia. 

CASE 8 

Colloid carcinoma 

A. .T., a 57 year old woman, was .studied during two admis.sions to thi.s hospital both 
before and after splenectomy. Twenty -three years previously, she had an appendicos- 
tomy for chronic ulcerative colitis of unknown etiology and was in fair health until four 
months before coming under ohscrv.alion. Stool evacuation occurred through the artificial 
stoma. J.aundicc was first noted four months before admission, followed by pallor, fatigue, 
dizziness and loss of 10 pounds in weight. There was no previous jaundice or anemia that 
could not be accounted for bj' her colitis. The family liistory was negative for anemia, 
jaundice and splenomegaly and the patient had not been exposed to toxic agents. She xvas 
chronically ill. Prolapsed intestine was present at the site of the appendicosComy. Tlio 
liver w.as palpable 2 fingerbreadths below the right costal margin and the spleen 2 finger- 
breadths below the left costal margin. There was an apical cardiac systolic murmur. 

The blood findings arc given in Table 4. Tliere was marked spherocytosis of the crj'thro- 
cytes. The IVasscrraann and Kahn tests were negative. Blood cbemistr 3 ’ showed icterus 
index, 17 ; van don Bergli direct and indirect, negative; gastric analj'sis revealed free hydro- 
chloric acid; urinalj'ses were negative. There was a negafix'e acid hemoh-sis test (Ham), 
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a titer of 1 /o of cold hemagglutinins and an absence of hemagglutinins (37 C.) or hemol 3 'sins 
against homologous or heterologous group O eryt.hroc\'tes. Examination follo^ring aspira- 
tion of the sternal bone raarroiv revealed a total nucleated cell count of 310.000 per cu. mm.; 
110 roegakarj'ocj'tes per cu. mm.; neutrophilic m5’eloc\'te5, 2-5 per cent; nonsegmented 
neutrophils, 17 per cent; erj-throblasts, 13 per cent; normoblasts, 35 per cent. 

Prior to splenectomy* she had a temperature between 100 and 101 .5 F. The spleen was 
enlarged, free of adhesions and weighed 337 gm. The transverse colon was the site of an 
active inflammatorj* reaction. The wall was markedly thickened and the serosal surface 
was red and granular. iMicroscopically*. the spleen showed active hy-peremia with marked 
congestion of the pulp and empty* sinusoids, as seen in hemolj*tic anemia. There were, in 
addition, multiple foci of hematogenous tuberculosis but tubercle bacilli could not be found. 
The early postoperative course was smooth. The temperature fell to normal as the jaundice 
and reticulocy*tosis receded and the blood count improy*ed. The spherocy*t03is continued, 
however. A partial remission of the hemolytic process yras ey*ident. 


TABLE 4 

Periphue-vl Blood Stcdles in* C.^se S 



■ ! 1 
1 HEilOCLOEIK f 
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! i 
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1 0.52% 1 
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2 weeks later 

i 29 (1 T.) : 

0.97 

1 7.S i 40 i 

13 

i 0.52% 1 
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3 yveoks later 



Splenectomy (2 T.) 



4 weeks later 

I 65 ! 

3.25 

I 8.0 ; 4 ! 


i 0.52% I 

i 0.24% I 
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i 24 (2 T.) i 

1.02 

i S.3 1 i 


: 

I 1 

51 

19 weeks later 

! 47 (3 T.) i 


i 9.5 1 i 


1 0.60% j 

1 0.28% i 

142 

21 weeks later 

! 28 (3 T.) * 

0.92 

; 15.7 j 75 ; 

15 

i 0.607o 

1 0.20% 1 

143 

24 weeks later 

i 27 (1 T.) i 

1.01 

j 21.0 1 87 i 

16 

i 

1 

1 ! 

370 

27 weeks later 

|29 1 

0.85 

1 24.0 1 82 i 


i 0.72% 

1 0.12% 1 

129 


T. indicates number of blood transfusions given, each of oOO cc. 


The patient remained well for about twelve weeks and then relapsed clinically* and 
hematologically*. Examination revealed evident pallor and slight icterus. The liy*er was 
still considerably* enlarged. Rectal examination yvas not possible because of stricture. The 
results of the blood studies are given in Table 4. Of special note is the uncontrolled sey*ere 
anemia despite multiple blood transfusions given vrithout reactions and the administra- 
tion of liver extract and parenteral vitamin therapy*. There was an intensification of the 
spherocytosis as is shoyvn by* the increase in fragility of the ery*throcy'tes. .4.t the same time 
a progressiymh* more marked reticulocy*tosis had occurred. Sternal bone marrow obtained 
bj* puncture at tliis time showed megaloblasts, 3.5 per cent; ery*throblasts, 12 per cent and 
normoblasts, 42 per cent. Carcinoma cells were not present. Further studies were made 
in an attempt to elucidate the etiology* of the relapse. The roentgenograms of the skull and 
thorax were negative. The basal metabolic rate was plus 47 per cent. The plasma hemo- 
globin concentration was less than 5 mg. per cent. The temperature varied between 99 and 
101 F. Two months after her second admission ntunerous irregular masses were palpated 
in the lower abdomen and a hard plaquelike infiltration of the skin was felt adjacent to the 
appendicostomy*. Small hard nodules were present in the scar of the splenectomy. “Punch 
biopsy*” near the stoma revealed colloid carcinoma. At the time of discharge from the 
hospital the hemoglobin was 25 per cent. Two months later the patient died at home. 
There was no autopsy*. 
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This is a caso of accuiircd spherocytic licmolytic anemia in a patient with 
long-standing chronic ulceiiitivc colitis. In addition, homalogcnoris tuberculosis 
and colloid carcinoma wore present-. There is a pos.sil)ility that the latter arose 
in the chronically diseased colon. Tlic hemolytic anemia was temponirily bene- 
fited by splenectomy, btif the spherocytosis uns unchanged. With continuation 
of disease there was a severe recurrence and accentuation of the hemolytic 
process. 

hfany authors have ciescribed the effect of sjjleneclomy in symjitomatic he- 
molytic anemia. An immediat-c opemfive mortality of 20 per cent is reported 
in the.se patients. In a case of chronic lymjihatic leukemia” an e.vaccrbation 
of both the hemolytic anemia and leukemia followed the opcnition. Tempo- 
raiT improvement in the anemia after splenectomy in case.s of Boeck’s .siir- 
coid, Hodgkin ’.s di.scn.se, lymphatic leukomi/i and myeloid leukemia is re- 
ported.’- More beneficial and lasting effects arc also described.”- 

As pointed out previously, the pathologic changes in the .si)lecn in .symptomatic 
hemolytic anemia arc variable. 'Hiis variability docs not seem to lx; a crucial 
factor in the clinical response to .splenectomy. Complete cc.s.siition, partial re- 
mission, tempoi-ary remi.ssion and no effect on the hemolytic tendency have been 
observed in case.s with each of the various types of splenic change. The exf)ecta- 
tion that patients with ‘‘arterial” hyperemia of the .-iplcen might show the most 
dramatic cc.ssation of Iicmolysis following removal of the organ is not home out. 

The persist ance of spherocyto.sis of the red blood cells despite cure of the ane- 
mia after splojicctomy in congenital familial hemolytic anemia is well establi.shcd. 
The disappearance of spherocytosis of the red blood cells with cure of the disease 
after splenectomy in idiopathic nonfamilial hemolytic anemia ha.s been observed 
on freciuent. occasions. This evidem-e is used in differentiating these two types 
of hemolytic anemia. Only passing mention has been given in the literature to 
the effect of thcmpcutic measure.^; on spherocytosis in symptomatic hemolytic 
anemia. Disappearance of this abnonnality was observed b\' Introzzi, Quiruo 
and Pavlovskv’” and by Singer and Dame.sbek.” In Brill’s ease’ the erythro- 
cytes were lc.=s fragile (presvimabh’ less spherical) after sidcnectomy. Feldnran 
and Yawls’® noted no change in spherocytosis, whereas Crane and Zetlin’ 
stated that as the anemia improved the spherocytosis disappeared; later both 
reappeared in marked degree. In our Case 5 .spherocytosis pereisted after 
splenectomy and i-adiothcraiw despite impro-\'emcnt, in the anemia. Eight 
yeai-s after the operation, when the hemolytic anemia was no longer present, 
spherocytosis had disappeared. In Case 8 spherocytosis remained during the 
early postoperative period when improvement in the hemolytic anemia \ras evi- 
dent. Subsequent!}', with the inception of a severe relapse, the spherocytosis 
became more marked. We have also observed spontaneous disappearance of 
spherocjrtosis in Case 9. 

The question of spontaneous remission of the hemolytic anemia in these cases 
assumes considerable importance because little attention has been paid to this 
in the literature. One of our patients with chronic lymphatic leukemia (Case 
9) exhibited a striking degi'ec of remission in various elements of his hemolytic 
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anemia with no therapj' other than transfusions of blood. Over a two month 
period 5000 cc. of blood administered in preparation for splenectomj". Be- 
cause this therap 3 ' did not significanth’’ alter the level of hemoglobin from the 
initial value of 26 per cent, the patient was transferred to a hospital for chronic 
diseases. He exhibited marked spherocAdosis, reticulocytosis and increased 
fragility of his erj'throcytes. In this institution, without further therapA' except 
for 1000 cc. of blood transfused OA'er a four month period, there was a remarkable 
improvement in his clinical and hematologic status. SpherocAdnsis and in- 
creased fragility of the erAdhrocytes were replaced by macrocytosis and normal 
fragility ; the hemoglobin which could not be eleA*ated OA'er 30 per cent by pre- 
ATOus Augorous transfusion thempA* rose to 55 per cent and the reticuloc3des re- 
ceded spontaneoush' from 47 per cent to 8 per cent. Although some excessh'e 
hemotysis maj^ haA'e remained at this date, it is probable that most of his anemia 
Avas noAv related direct!}' to the chronic tymphatic leukemia. Unfortunatel}', 
it Avas not possible to follow this patient further. 

C.ASE 9 

Chronic Lymphatic Leukemia 

JI., a 71 year old jeweler, had traveled extensiveh' in the tropics and had had several 
attacks of malaria. He became ill with palpitation, slight ankle edema and e.xertional 
dj'spnea nine months before admission to this hospital. His SA'mptoms were progressive. 
Three weeks before admission, he noticed painless swellings in the neck, axillae and inguinal 
regions. There was no personal or family history of splenomegaly, anemia or jaundice and 
he had not been expossed to known toxic agents. He appeared pale, chronicallj' ill and 
icteric. There were many hemorrhages in the right ocular fundus and a generalized l\Tnph- 
adenopath}'. The findings in the lungs and heart were normal. The blood pressure was 
130/60. The liver was palpable 3 cm. below the right costal margin and the spleen was felt 
2 cm. below the umbilicus. 

Roentgenologic examination of the chest revealed old fibrotic tuberculosis with shrinkage 
and calcification of the right upper lobe, but no evidence of recent disease. The mediastinal 
hunph nodes were not enlarged. Blood studies revealed : hemoglobin, 26 per cent ; erjdhro- 
cyte count, 1,500,000; leukocyte count, 375,000; platelets, 190,000; nonsegmented neutro- 
phils, 4 per cent ; segmented neutrophils, 1 per cenl; lymphocytes, 94 per cent; lymphoblasts, 
1 per cent; reticulocj-tes, 47 per cent; hematocrit, 13 per cent; erx-throc^Te sedimentation 
rate, 155 mm. in one hour. iManj' spherocytes were observed; the saline ervdhrocjde fragil- 
ity test revealed hemolysis starting in 0.72 per cent sodium chloride with complete hemoh'sis 
in 0.28 per cent solution. There were no hemolj'sins or agglutinins demonstrable at 37 C., 
or at 4 C. for homologous or heterologous compatible erj-throcytes. The acid hemolysis 
(Ham) and heat resistance tests were negative; the plasma hemoglobin was less than 5 mg. 
per cent. Numerous other blood studies, during the two months of his hospital stay, re- 
vealed essentially similar findings. The severe anemia, reticulocj-tosis, spherocytosis and 
increased hj'potonic saline fragility of the erx'throcj'tes persisted during this period of 
observation despite ten blood transfusions (5000 cc.), none of which was followed by any 
reaction. 

The jaundice varied somewhat during this period, repeated determinations of the icterus 
index varying between 12 and 21 with a negative direct van den Bergh test. Blood chem- 
istry was normal. The sternal bone marrow obtained by aspiration was examined on two 
occasions. In one examination the lymphocytes numbered 71.4 per cent and the normo- 
erj'throblasts 19.4 per cent, while later there were 36.4 per cent l 3 ’’mphocytes and .38.8 per 
cent normo-erj'throblasts. Quantitative determination of the total urobilinogen excretion 
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over a four day period (AVaison) revealed daily excretions of 1.00 mg. in (he urine and 252.4 
mg. in the stools. Throughout this jjatient’s course he was comfortable in bed and prac- 
tically afebrile. Splenectomy was not performed bccau.se at no time could hi.s hemoglobin 
be raised over 30 per cent, lladiolhcrapy was not given. 

The patient was discharged to a ho.sjntal for chronic disease.^. When la.st cx'amined, four 
months after discharge, his condition was remarkably good. The only therapy consisted 
of two blood transfusions (1000 cc.) in the past four months, the Iu.st, one month ago. lie 
was ambulatory and free of edema and exertional dy,spnea. llis color wjis much improved. 
The lympiiadenopathy, splenomegaly and hepatomegaly were unchanged. The blood find- 
ings showed hcmogloljin, 55 per cent ; erythrocytes, 2,225,000; leukocytes, 117,000; platelets, 
240,000; reticulocytes, S per cent ; nonsegmented neutrophils, 2 t>er cent; segmented neutro- 
phils, 4 per cent; lymphocytes, 0 1 i>cr cent ; hematocrit , 27 .S per cent. The fragility test of 
the erythrocytes to hypotonic saline revealed beginning hemolysis in 0.44 jicr cent sodium 
chloride and complete hemolysis in O.IS per cent solution. There were no spherocyte.s. The 
red blood cells wore definitely macrocytic and well filled with hemoglobin. The icterus 
index was S. 

During tlic fir.st period of ob.scn'alion, this jmtient pre.sentcd all (he eriferia 
for the diagnosis of both chronic lymphatic leukemia and .spherocytic hemolytic 
anemia. After discharge to another hospital and without any therapy, except 
for an occa.sional blood trairsfusion, the spberocytosi.s, increased fragility of the 
erythrocytes, marked anemia, moderate icteni.s and intcn.se rcticnlocytosis were 
replaced by macrocytosis, essentially nonntil fragility with moderate anemia, 
icterus and rcticnlocytosis. -\t tlie same time, tlte general condition of the 
patient improved greatly. The .status of the chronic lymphatic lenkemia re- 
mained unchanged. The eau.se of this dramat ic chattge in the clinical and hema- 
tologic slatvi.s of the patient has not been a.sccrtained. 

In another case of probable clironic lymphatic leukemia a similar sequence 
took place. This patient (Case 10) liad a macrocytic hemolytic anemia, llie 
only thcrapj' consisted of 1000 cc. of blood in two transfusions. One month 
later, there was evidence of a complete remission of the hemolytic phase, while 
elements of the underlying chronic lymphatic leukemia became more prominent. 
One j-ear later there was neither anemia nor evidence of c.xec.ssive hemolysis and 
the general clinical condition of the patient was good. The chronic lymphatic 
leukemia was more evident. 


CASE 10 

Chronic Lymphatic Leukemia 

J. G., a 51 year old man, had been under observation for one year because of a severe 
acute hemolytic anemia with generalized lympiiadenopathy. The cause of the latter was 
undetermined at the time, but subsequent examinations indicated jirobable chronic lym- 
phatic leukemia. He was admitted to this hospital with a history of p.'dlor, malaise 
and anorc.xia for three weeks and fever for one week. Three months before admission, he 
had pneumonia which was treated with a sulfonnuudo. He was employed as an electrician, 
but had not been in contact with known noxious agents. There was no family or person.al 
history of anemia, splenomegaly or jaundice. 

On examination, he appeared pale and slightly icteric but not acutely ill. The lymph 
nodes in the cervical, axillary and inguinal regions wore firm, discrete, movable and en- 
larged, measuring from 2 to 5 cm. in greatest dimensions. There was a soft sj'stolic murmur 
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at the pulmonic area. The blood pressure was 9S/74. The liver was palpable 2 cm. below 
the right costal margin but the spleen could not be felt. 

Examination of the peripheral blood revealed: hemoglobin, 33 per cent; erj’throcj-tes, 
1,600,000; leukocytes, SlOO; platelets, 220,000; segmented neutrophils, 40 per cent; nonseg- 
mented neutrophils, 17 per cent; segmented eosinophils, 2 per cent; segmented basophils, 
1 per cent; h'mphocytes, 26 per cent; monocytes, 12 per cent; neutrophilic myelocj’tes, 2 per 
cent; 1 normoblast per 100 leukocytes; 15 per cent reticulocytes; mean corpuscular volume, 
120 cubic microns; sedimentation rate of erythrocji-es, 18 mm. in eight minutes (\1'' introbe) . 
The serum formol gel test was negative. The fragility test of erj'throcj-tes with hjiJotonic 
saline revealed beginning hemolysis in 0.48 per cent sodium chloride and complete hemolysis 
in 0.18 per cent solution. Spherocj-tes were not present. The acid hemolj'sis test and tests 
for hemoh'sins against homologous or heterologous erythrocj'tes were negative. The cold 
hemagglutinin titer was 1/10. Bone marrow obtained by sternal puncture was highly cellu- 
lar. The total nucleated cell count was 550,000 per cu. mm., and megakaryocytes numbered 
110 per cu. mm. There were myelocytes, 9.6 per cent; nonsegmented neutrophils, 6.4 per 
cent; segmented neutrophils, 1.0 per cent; lymphocytes, 4.0 per cent; hematogones, 3.6 per 
cent; erythroblasts, 1.6 per cent; normoblasts, 69.0 per cent. Quantitative determination 
of the urobilinogen excretion revealed 510 mg. per day (average of four days) in the stools 
and 9.74 mg. per day (average of two days) in the urine. The sheep erythrocyte agglutinin 
titer was less than 1 jo. The Wassermann test was negative. Numerous urinalyses revealed 
traces of albumin, occasionalh;, and of red blood cells, rarely. There was a progressive 
decline in the icterus index from 12 at the time of admission to 3 just before discharge. The 
direct van den Bergh reaction in the serum was negative. X-ray films of the chest disclosed 
neither parencbjunal disease of the lungs nor mediastinal lymphadenopathy. Biopsies of 
right axillari' and left inguinal hnnph nodes revealed chronic or hj-perplastic hunphadenitis. 

During the first week of his hospital stay, the temperature varied from 100 to 102 F.; 
thereafter it was normal. During this period, there was a slight increase in the hemoglobin 
to 38 per cent. He then received two 500 cc. blood transfusions, without reactions, follow- 
ing which there was rapid clinical and hematologic improvement. One month after admis- 
sion, the hemoglobin was 75 per cent, the erj'throc\*te count 4,620,000 and the leukocj'te 
count 6000. The lymphocytes were now 66 per cent and the reticulocytes 0.5 per cent. 
Study of the bone marrow now revealed a considerable increase in the more mature neutro- 
phils to 50 per cent and in the h'mphoc 3 'tes to 20.8 per cent whereas the normoblasts and 
erjdhroblasts combined had decreased to 14.4 per cent. The fecal urobilinogen excretion 
fell to 170 mg. per daj* and the urinar\' urobilinogen to 0.72 mg. per da 3 '. 

One 5 'ear later, his general condition was excellent. Large retroperitoneal h-mph nodes 
were palpable deep in each iliac fossa. There were no other hunph nodes and the spleen 
could not be felt. Examination of the blood showed hemoglobin, 91 per cent; er 3 'throc 3 ’tes, 
5,740,000; leukoc 3 'tes, 10,000; platelets, 260,000; segmented neutrophils, 40 per cent; non- 
segmented neutrophils, 2 per cent; segmented eosinophils, 3 per cent; segmented basophils, 
1 per cent; l 3 Tnphoc 3 'tes, 51 per cent; monoc 3 'tos, 3 per cent; and reticuloc 3 'tes, 0.5 per cent. 
The icterus index was 3. 

Tins patient, progressed through a phase of acute hemoMic anemia of unknouTi 
causation which sub.sided spontaneously after two blood transfusions. The 
hunphocytosis in the peripheral blood and bone marrow and the persistent 
lymphadenopathy indicated that he was probably affected with chronic Ij-mphatic 
leukemia or follicular hmiphoblastoma which might become manifest in the 
future. 

Other obseiwations regarding spontaneous remission of hemolytic anemia con- 
cern a patient with giant follicular hmiphoblastoma (Case 3). A partial re- 
mission was also noted in a patient with chronic Ijmaphatic leukemia (Case 2). 
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It may be of importance that- all of the patients in -wliom we have observed spon- 
taneous or transfusion -induced remissions of their hemolytic syndromes had, 
in addition, chronic lymphatic leukemia (3 cases) or giant follicular lymphoblas- 
toma (1 Case). 

The following arc tlie onh* references to spontaneous remissions recorded in 
the literature. Lucey’-' described a case of ciircinoma of the lung with extensive 
metastases in which there was evidence of Icuko-ciythroblastosis in addition to 
severe hemolytic anemia with increa.ced fragility of the eiTlhrocytc.s. Without 
any therapy there was a remarkable hemritologic improvement in which the 
hemoglobin rose from 30 to 70 per cent , the erythrocyte count rose fi;om ) ,350,000 
to 4,500,000 per eii. mm. and other signs of hemolytic anemia waned. This 
improvement had no decisive effect on the clinical course for the patient died 
soon thereafter. Davidson' studied a patient with Hodgkin's disea.s? and 
hemolytic anemia Avith increased fragility of the red l>lood cells and an intense 
reticulocytosis in Avhorn there Avns a iemj)orary sIoav and gradual improvement 
in the anemia while the patient was receiving liver orally. The hemoglobin 
rose from 22 to 60 per cent while the rad blood cell count rose from SIO.OOO to 
3,470,000 per cu. mm. Simultaneouslj- there wa.« a fall in reticulocytes. Three 
months later there was a recurrence of llie severe anemia and the patient died. 

Table 5 summarizes the findings in the 10 eases reported in tliis ]>aper. 

DEOOD TJtANSFU.SIO.N'S 

We have indicated those cases in which blood transfusions may have played 
a role in the induction of a remission of hemolytic anemia. In our patients, a 
total of 72 blood transfusions was administered by the indirect technic. Xo 
special precautions were taken to prevent tnuisfusion reactions. In most 
instances, citrated Itlood from the ho.^jAita! bank was used and cross matching 
was performed by the slide technic. In many of the patients, Rh typing was 
performed, btit some were oltserved before the discovery of this blood factor. 
On three occasions, in two different patients, pyrogenic reactions occurred, btit 
these were not severe enough to discotirage bu t her transftisions. In no instance 
was a hemolytic reaction obsei'ved. In many other types of hemolytic anemia 
we have Ijcen imprc.ssefl with the tolerance to transfused blood. If the correct 
precaut ions are taken in blood grouping, including Rh typing and cross matching 
of the donor’s erythrocytes and the recipient’s senim, and in the preparation 
of transfusion eciuipment and solutions, adverse reactions to blood transfusions 
arc no more likely in patients with hemolytic anemia than they are in other 
patients requiring multiple transfusions. The only exception to this is the rare 
case in which atyjAical agglutinins arc pre.sent in the recipient’s blood scrum. 

TIIEATMENT OF SYSIPTOXrATIC HEXIOLYTIC ANESUA 

1. If the hemolytic component is severe and ovei-shadoAA’S the underlying 
disease, and the condition of the patient does not warrant delay, splenectomy 
without preoperative radiation should be performed. Radiation to other 
involved areas may be given at a later date. ^Wien the anemia is of liA'peracutc 
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onset, splenectomy may be impossible, and frequent Ijlood transfusions should 
be administered. 

2. Jn patients -with lympboldastoma, who are in good general condition, wq 
recommend radiotherapy to the spleen and to any other areas involved in the 
disease process. If the hemolytic process continues unabated or becomes more 
severe, splenectomy, followed by poslopenitivc radiation, if ncce.ssar>', .should 
be carried out. These eonsidenitions maj- be modified by the use of nidioactive 
elements for internal nidiation. 

3. Patients whose hemolytic anemia continue.s unchanged after splenectomy 
should be subjected to fhoi-ough study in onler to ascertain the pre.sence of 
neoplastic disease. If found, this .should be treated b\' radiation or extirpation, 
where feasible. 

4. There are no precedents for the successful treatment of sj-mptoniatic 
hemolytic anemia complicated by metastatic carcinomatosis. It would appear 
that the principles alrcach'^ ment ioned should be applied to .«uch cases. 

5. Transfusions of pi-opcrly grouped and matched blood may be given reiicat- 
edly to patients with symi^tomatic hemolytic anemia as supportive or pre- 
operative medication. 

SU.\nLMiY 

Hodgkin’s disease, chronic lymphatic leukemia, rcticulo-endothcliosis, meta- 
static carcinomatosis, sarcoma of the .«])lcen, myelogenous leukemia, h-mpho- 
sarcoma, giant follicular lymphoblastoma and Boeck's sarcoid arc occasionally 
complicated by symptomatic hemolytic anemia. The blood picture and bone 
man'ow in such cases may reflect changes caused by both diseases. Spherocy- 
tosis and increased fragility of ciythrocytcs in hypotonic salt solution occur 
in about 50 per cent of the oases. Tlie pathologic changes in the spleen are 
vai'iable. In some cases, "arterial” or active hyperemia is present ; in others 
the specific changes of the underlying disease arc observed; in certain instances 
“nonspecific” alterations, such as rcticulo-endothelial hyperplasia, erj'thro- 
phagocytosis and myeloid metaplasia arc seen. The reason for this variation is 
not clear; it is not dependent upon any of the hematologic findings. The 
unpredictable effect of, and indications for, various forms of therapy are dis- 
cussed. The occurrence of spontaneous remission is iiointed out. The sum- 
maries of 10 cases illustrating the clinical and hematologic findings and response 
to treatment are given. 
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THE FUNCTIONS OF ^JTIE WHITE BLOOD CELLS* 

JOHN W, REIJUCK, M.D. 

From the Department of Laboratories, Henry Ford Hospital, Detroit, Michigan 

Eocent advaners in onr knowledge concerning (he role of (he various mafure 
leukocylcs of (he blood have been of siieii promise as (o warrant a review of the 
functions of these cells at the present time, d’he leukocytes, arising as they do 
in the (issues of (he blood-foi-ming organs, ait^ found in the blood only in passing, 
and exert many of (heir more important functions after they have left the blood 
and entered the tissues. Leukocytes may be found in the l)lood and in the tissues 
in different states of acitivity and, thus, may differ in their chemical and physical 
status and even in the structural evidences of (heir various functions. Leuko- 
C3des studied onlv in the blood itself maj' show marked differences in these 
structural evidences of their function. I'or example, we ma\' cite the claim of 
Aschoff and Ivi.vono^ (hat (he Ivmpliocj'tcs of the blood did not belong to the 
reticulo-endothelial .s.vstem because thej- were not phagocj'tic for the colloidal 
dj'cs under the circumstances of their experiments. However, the brief but 
pointed experiments of Downej',''' which followed soon after, demonstrated 
that the l\'mphoc\'tes within the blood it.^elf werc capal)le of phngocj'tosing the 
colloidal d.ves, if the d.ves were made available to these cells by the .simjdc ex- 
pedient of making a double ligature of a vessel and studying the leukocytes in 
the interposed segment. Structural similarities in the Icukoc.vtes of different 
species ma.v mask cji.ocheniical disparities in function. For example, the 
neutrophils of man and the heterophil leukocy(e.s of guinea pigs, rats and rabbits 
show marked alkaline phosphatase content, while those of the mouse, chicken, 
and dog lack such cnz.vmatic activit.v (Waehstcin’®-). CVtochemical studies 
of leukocjffes have received marked impetus from the recent contributions of 
Gomori,’®"’- which have done much to facilitate studies of cnzj'matic activitj'. 

In the study of some of the more fundamental c\'tologic proces.-=es, because of 
the ^•eIy nature of the studies, it has not been possible to separate the activities 
of the different leukocj'te tx’pes. For instance, Stephens and Hawlej'’®’ noted 
the high content of ascorbic acid (indophenol reducing substance) in white blood 
cells, and this was confiiTned bx' Butler and Cushman,®- so that there is at the 
present time the suggestion that the ascorbic acid content in the leukoc.vtcs 
is a better index of plysiologicall.v significant deficicnej’ than ascorbic acid 
levels in the urine or blood plasma. Recentl}', in attempts to shed further light 
upon this concept, Wilson and Lubschez*®® suggested that prolonged massive 
dosage of ascorbic acid leads to a depression of the ascorbic acid content of the 
leukoc3des in children. 

The following discussion of the functions of leukoc3des is arranged largeb* 
according to the different groups of mature leukoc3'tos. 

* Read at the Regional Meeting on Hematology of the College of American Pathologists, 
Indianapolis, Indiana, April 7, 19-17. Received for publication, Maj* 17, 1947. 
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NEUTROPHILIC LEUKOCYTES 

The firet knowledge of the primaiy defense functions of the leukoc3'tes was 
obtained thi’ough the observations of Dntrochet,^ Addison^ and Colinbeim.-® 
who noted their migration from the vessels into areas of inflammation. 
Lieberkiihn^®^ demonstrated the ameboid motilitj* of the leukocj'tes per se. Le- 
ber^'^ was the first to show that the leukocj-tes exhibited the propert>' of chemo- 
taxis. The phagoc^Tic powers of these cells were fimt demonstrated bj' 
Hetchnikoff.^-^’ Opie^"^~^®^ foimd a proteohdic enzxTne in these cells in inflam- 
mat oiy exudates that acted in a slighth’^ alkaline or neutral medium. Soon after, 
Winkler^^ demonstrated an enzjTue, oxidase, in the leukocides of blood films. 
The liigh oxidative mietabolism of leukocjdes was obseiwed bj' Grafe,”’ but these 
were cells from leukemic' patients. Levene and IMej'er^’” soon reported on the 
high gh'cofytic activity' of leukocj'tes. Fies.singer’s^ monogi’aph on the leuko- 
cjrtic feiments concerned lipase, alkaline lecithinase, amjdase and the proteohrtic 
feiments. Sehrt^=® found that the granules of the neutroplnls stained vath sudan 
III and nile blue sulfate and belie^Ed that the oxidase reaction of blood cells con- 
taining lipoid was proportional to the amount of lipoid the\' contained. He felt 
that the lipoidal substances were phosphatides, especialh' cerebrosides, and prob- 
ablj' chole.sterol esters as well. Nucleotidase was reported in the leukocjdes in 
the sterile pus obtained after intrapleural injection of turpentine in dogs and 
cows (Deutsch and Roslei-^). Kaj',-^ Um.eno*”® and Roche'°'’ brought forth evi- 
dence that an alkaline phosphatase ester-splitting enz^mie was to be found in 
leukoc\'tes. Stern^^’ next demonstrated catala.se in the pohnnorphonuclears in 
rabbit exudates. Softer and Wintrobe^^ found that the metabolism of granu- 
locj’-tes resembled that of malignant cells and that their oxA'gen consumption was 
greater than that of the h'mphocj'tes, as were their gh* coh* tic powers. Wanen^^ 
found that normal m^'eloid cells possessed a high ratio of anaerobic gh'coh'sis to 
respiration, unrelated to cellular damage or the presence of tiunor. The practical 
application of Ins work was the finding that thiouracil caused a marked depression 
of the respiration of leukocjTes.'®’ 

Menkin”®'^'® correlated a slighth' alkaline pH of the infiammatoiy exudate 
\rith the presence of high percentages of poh'morphonuclear leukoc^'tes in the 
inflammatorj' exudate. Later, he'^” demonstrated that the mechanism of the 
migration of these cells into an area of inflammation was related to a substance, 
leukotaxine, produced b^' the injured tissue. Seabra^®' introduced a niunerical 
expression of the power of oxidase in the neutrophils. 

Barnes® was able to demonstrate the following enzjmies in the leukoc\*tes of 
rabbits; cathepsin, nuclease, am3'Ia.se, lipase, h’sozx^m.e (leukin) and adenosina.se; 
those of the cat were similar but were lacking in lipase. Waclistein^®® demon- 
strated varying amoimts of alkaline phosphatase activity' in normal human neu- 
trophils and increased actmU* in such cells in individuals suffering from 
infections, in purulent exudates and in one patient with nonleukemic mj'elosis. 
lYislocki and Dempsej-^®’ found no differential staining of the specific granules for 
phosphatase in the leukocj’tes of monkej’S, rodents or man; the staining, when 
it did occur, was variable and involved both c^ffoplasm and nucleus. 
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Carrol-’’ believed that the neutrophils contained growth-activating substances 
or trephoncs. JCruschov®^ has recently extended Carrel’s investigations and lias 
observed an accelerating efTect of leukocytic trephones in the growth of tissue 
cultures of fibroblasts, organ cultures and in experimental wounds; in the latter, 
at first , granulation production wjis enhanced and later, epithclialisation, bj' these 
leukocytic products. 

Boros and Leszlcr''” claimed a role in agglutinin production forfhe.se cells, but 
Ehrich, Harris and Mertens'’’’ could find no agglutinins in the isolated granu- 
locytes of peritoneal exudates. 

Further studies on the phagocytic functions of the leukocytes indicate that 
phagocytosis is proportional t o the. nvimber of collisions between cell and particles, 
the number of uninge.sted particles, and the probability of collision that it in- 
creases with increases in temperature within certainlimits/’and that hypertonicity 
tends to inhibit it,"' as do certain ions such its I ions,"^ while it i.s enhanced by 
other ions such as Ca ions.'*'* Menldn"® demonstrated the destructive effect that 
increases in hyth'ogen ion concentration have upon the protoplasm of pohTnoqffio- 
nuclear leukocytes, exjdaining the earlier findings of Fenn''- and Evans'** that 
phagocytosis is best at neutrality. 

The early Avork of Wright and Douglas'"' established the presence of tbenno- 
labile substances, the opsonins, in normal scrum which enhanced phagocytosis, 
and that of Xcufeld and Rimpau'"** of relatively thermostabile antibodie.s, the 
bacteriotropins, in immune serum .specifically enhancing phagocyto.sis. This 
knowledge had its clinical application in the opsonic index. Hank.s"" recently 
dcteiTnincd the quantitative influence of the number of bacteria and leukocytes in 
phagocytic indices. Czekalowski'*" spoke of two kinds of opsonins; one was a 
residual phagocytic factor and was thermostable; the other was inactivated by 
heat and by storage of plasma, but when present, as in fresh pla.sma, was five 
times more active than the former. This second factor, lost by storage of blood, 
could be regenerated Avithin certain limits by the addition of small amounts of 
fre.sh plasma. 

Dickey and Forbus'*'* found hi ri/rothat the neutrophilic leukocytes of nonimmune 
persons quickly phagocytosed Ihucclla suift a response not exhibited by 
other leukocyte types. Recently, Merling'"* ilemonst rated viral jdiagocytosis 
and depicted the virus living intracellularly. lie found that his intraleukocytie 
virus did not die, but surviA’ed the death of the leukocyte, remaining as colonies. 
Welch, DaA'is, and Price'*" studied concentrations of penicillin Avhich inhibited 
phagocyto.sis and found that such concentrations Avere usually not attained clin- 
ically in penicillin administrat ion. Hale'* ob-serA-ed inhibition of phagocytosis by 
coagulase and it also caused agglutination of the leukocytes. Berry, Davis and 
Spies'* found an increased magnitude (119-340 per cent) of phagocytic activity 
of neutrophils in patients Avith macrocytic hyperchromic or microcytic hypo- 
chromic anemias, and the magnitude Avas roughly proportional to the severity of 
the anemia. Glenn**" found that phagoc3'tic indices of rabbits AA-ere increased 
folloAA-ing radiation over a small area of the skin. Pokrovskaya and Makarov'*' 
studied phagocjdosis b,v neutrophils in human Avounds and found that in Avounds 
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■which healed satisfactorily the microbes were phagocjiiosed and destroyed, but 
that in patients having a low resistance or bacteria of marked virulence, the 
phagocjdosed organisms were at times capable of destrojnng the protoplasm of 
the neutrophils. 

The views of Sehrt^“® on the chemical nature of the neutrophil granules have 
been mentioned. The extensive review of this subject bj' Neumann^-® led him 
to believe that the}' were loci of enz 3 ''mes or enz\Tne-like substances. Ralph^^® 
believed that the granules of neutrophils contained pho.spholipids and lipids ex- 
tractable with acetone. Wislocki and Dempsey’®’ found sudanophilic properties 
in the neutrophil granules of the R-hesus monkey; Baillif and Kimbrough' ob- 
served increased affinity for sudan black B in toxic neutrophil granules, whereas 
the granules of neutrophils in pernicious anemia were but lightly sudanophilic. 
In general, neutrophilic grenules are slate gray and probably do not contain the 
same substance as the shell of the eosinophilic granules. 

Wislocki and Dempsey’®’ have been able to demonstrate a pimctate tj'pe of 
gh'cogen in the neutrophils, but not in other blood cells. Tullis”' recently re- 
ported permeabihty studies of the neutrophils and found that these cells retained 
their structural integritj' most often in isotonic and slightly hj'pertonic solutions. 
Cytochemical studies of Watkin’s “hair cells”’® (neutrophils ha\'ing minute nu- 
clear projections) have recently been made by Discombe-®’ who found that these 
nuclear buds which protruded from the neutrophil nucleus of cells from nonnal 
and diseased patients might split off into the cj'toplasm and that they contained 
desox 3 U’ibosenucleic acid. 

iS'IcCutcheon’” has recenth' made an extensive study of the mechanism of 
chemotaxis in these cells. Chemotaxis for these cells is excited by polysac- 
charides, bacteria, malarial protozoa and the by-products of injured tissue. 

Lews’”® studied the mode of neutrophil locomotion by means of motion pic- 
tures. The rate of locomotion averaged 19.4 microns per minute. He intei'- 
preted locomotion as being due to the foiward forcing of a more fluid central 
portion of the cell by the continuous contraction of a more solid portion of the 
cj’toplasm located at the sides and po.sterior part of the cell. As the more fluid 
portion is thus forced forward, its o\to lateral portions become more solid and 
thus continually contribute to the foi-mation of a new solid contractile peripheral 
layer. Forward motion is also maintained by liquefaction of the inner surfaces 
of the more solid portions of the c^-topiasm. De Bruyn-’®- extended these 
studies and found that all blood cells moving on a flat surface presented the 
“hand-mirror” shape and- all those moving inside the plasma clot presented a 
“woim-like” motion. However, he found the pseudopodal area of the granular 
leukocjdes more variable in position, the pseudopodia more numerous, and the 
migration path irregular "vrith frequent and abmpt directional changes, and con- 
cluded that these cells were polarized, but to a lesser degree, than the h*mpho- 
cytes. He presented evidence that constriction rings were indentations caused 
by external factors. He described large lateral protuberances in heterophil leu- 
kocytes which remained immobilized while the rest of the cell advanced, the 
protuberances falling posteriorly until they were taken up in the tail. He, too, 
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accounted for locomotion as a process of gclation-contraction-solation and sug- 
gested that contraction was due to folding or side-chain locking of a three-di- 
mensional reticulum of polypeptides. 

EOSIXOPflllilC LEUKOCYTES 

The association of these cells with the reaction to foreign protein and allergic 
disorders has long been remarked. We arc just loginning to learn, however, 
how those cells function under .such conditions. Barker* demonstrated iron in 
the granules of human eosinophilic leukocytes as early as 1894. A year later, 
Mesnil’-® reported that, the eosinophils of the guinea pig were phagocytic. Pe- 
tryiu confirmed Barker’s studies on the iron content of the granules and e.vtended 
the cytochemical studies, finding the granules insoluble in fat solvents, unheated 
acetic acid and dilute alkalies and .soluble in strong acids and alkalies. The 
granules of the eosinophils upon which he was working were those of the horse; 
they were not affected by lryp.siTi or autolytic enzyme.-;, nor did they give a posi- 
tive xanthoproteic reaction. Sehlect'“ found that oosino])hils reacted to peptones 
but not to amino acids. Schwarz’^’ in his extensive i-eview of the literature on 
the eosinophils and eo.sinophilia up to 1914, .stated that eosinotaxis and eosino- 
philia are produced by the split jjrotein products of exudate or broken down 
epithelial cells. The phagoc.tdic functions of eosinophils have been studied by 
Weinberg and Seguin'** and more recently by Hertzog.*^ liunting-' noted that 
their locomotion was less active and more indirect than that of the neutrophil, 
and Sabin'** also observed that they appeared to advance .slower and for le.ss time 
than neutrophilic cells. Schrt '** stained the eosinophil granules with sudan III 
and nile blue sulfate. 

Ringoen"® stated that they gave both a positive oxidase and pero.xida.se re- 
action. Pokrovskaj'a and Makarov'** thought it likely that their pre.-^ence in a 
wound was a favorable sign. Quite rccenth*, Ralph'*® demonstrated that the 
granules of eosinophils contained phospholipids. Discombe** noted that nuclear 
buds containing desoxynbosenucleic acid might also sjtlit off from the nucleus of 
eosinophils in normal and diseased patients. Wachstein'** reported that these 
celts did not .show phosphatase activity. Tullis'** in his permeability studies 
found that eosinophils were apparenth- unafTccted by the anisotonia of his ex- 
periments and deemed that they were “hardy” cells. Baillif and Kimbrough* 
observed that in eosinophilia occuring in patients with pneumonia, the eosinophil 
granules were abnoimal, imperfecth' formed gray granules when stained with 
Sudan black B, whereas the normal foims consisted of a sudanophilic, deeply 
blackened shell and a clear, unstained, sudanophobic core. Probabh' the most 
significant work in helping us to undei-stand the eosinophil function has been that 
of Code** who presented evidence that the eosinophils were an important source 
of blood histamine. 


BASOPHILIC LEUKOCYTES 

It must be kept in mind that aside from the apparently identical metachromatic 
staining reaction of their granules, the tissue mast cells and the basopliil leu- 
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koc5i;e5 of the blood and bone marrow have nothing in common (Michels^'O- 
The finding of the properties of chemotaxis®° and high heparin content of the 
tissue mast cells, as well as the CAdochemical studies of the tissue mast cell 
granules indicating that thej’- are varjingty sudanophilic, show phosphatase activ- 
it}^^-" and are the site of the c 5 *tochrome C, cjdochrome oxidase system and that 
they lack nucleic acid, lipase, peroxidase, free iron and gh"cogen^^° in their granules 
or cytoplasm, are not applicable at the present time to the basophilic leukoc\i;es 
of the blood. Actually little is known concerning the functions of the true baso- 
philic leukocytes. Ringoetf'*® noted that in experimental inflammations in guinea 
pigs hematogenous basopliils migrated into the subcutaneous tissues and acted 
as phagocytes but soon underwent rapid destruction. Hertzog*’ was unable to 
find phagocjdosis in 150 human basophils he studied, but remarked concerning 
the difficulty in dift'erentiating between basophilic granules and bacteria. Sa- 
bin^^^ noted that their ameboid motion Avas slower than that of either the neu- 
trophils or eosinopluls. Bunting-^ stated that the granules were oxidase-positive. 
Sehrri®® Avas able to stain these granules with sudan III while Baillif and Kim- 
brough' were unable to stain the granules with sudan black B. 

LYMPHOCYTES 

At the present time, although it is not generally known, there is more exact 
knowledge concerning the function of the lymphocAdes than perhaps any of the 
other white blood cells. In 1888, iSIetchnikoff*" demonstrated that, in his ani- 
mals Avith experimental tuberculosis, the h-mphocAries of the blood migrated into 
the tuberculous areas and graduallj' liA'pertrophied to form large mononuclears 
and thej' in turn formed the macrophages and epithelioid cells. At the Inter- 
national Medical Congress in Berlin, in 1890, MetchnikofBs aucaa's AA'ere bitterly 
opposed by the German group. In ansAA'er, MetchnikolT’s’-^ lectures on the com- 
paratu'e pathologA' of inflammation deliA'ered soon after, at the Pasteur Institute, 
and published in 1892, demonstrated irrefutabh' the role of the hmiphocyte as 
it liA-pertrophies to form first the large mononucleare and then in turn the hem- 
atogenous macrophages. Metchnikoff’s A'ieAA's on the lA-mphocj'te receiA-ed AAude- 
spread experimental support in the AA'ork of Yersin,^®® Ptuft’er, Gilbert and 
Girode,®^ Arnold,’ Borrel,^* Kanthack and Hard 3 ',®’ RanA'ier,’’® and in the long 
series of classic experiments of AlaximoAA*”® beginning in 1902. Beattie,^® Zieg- 
ler, i®' SchAvartz^^ and Hellj'®® also supported the auoaa's of iNIetchnikoff and Alaxi- 
moAA'. The thesis of the German opposition Avas that the h'mphocj'tes were 
incapable of ameboid motion and hence could not migrate from the A’essels into 
the areas of inflammation and form the macrophages.®" ’ Although Lcaais,^*^ • 
a decade or so later, AA'as to make painstaking studies of lATnphocjrie locomotion, 
disproA'ing the basis of the unAvarranted attack of the German workei-s, the dam- 
age had been done. 

EA*en so, BudaA*,®" Zieler,’®®' Renaut,^’® Yerebely,^'® Fischer,"® Babkina," Ho- 
men,®" Fiendt,"® ^\’allgren,"®® DoA\*neA* and Weidenreich’® and DubreuiP" contrib- 
uted to our understanding of the hmiphocArtogenous macrophage in the j’-ears 
leading up to Aschoff. Aschoff® in his great contribution to our knoAA'ledge of a 



620 


KKnuCK 


genenil defense sj'stem of cells in the body, inadverlenf ly excluded ihe Ij'inpho- 
cj’tes from his scheme of a reticulo-endothclial system bccausf: in his experiments 
the lymphocytes wei'c not phagocytic for vital ch'es. Even cvliilc he was per- 
forming his work, Tschaschin*”- was already demonstrating that the small 
Ijuiiphocytcs phagocytosed the vital dye tintil their cytoplasmic content was in- 
distinguishable from ordinaiy macrophages. Then Downey,''’'^’ in the experi- 
ments mentioned in the introduction to this ])aper, proved that the lymphocytes 
were actually members of the reticulo-cmdothelial sj’stem becau.se of their read}' 
ingestion of the vital dyes. Work on the lymphoc}’tic origin of the macrophages 
was continued by Policavd and Dcsplas,”"* ]?ergel,’‘ Dominici,” Latta"^’* and Dan- 
chakofT and Scidlin.^’ It was readily demonstrable in the ti.ssue cultures of 
A'laximow,”' • Timofejewsky and licnewolenskaja,*'-'*'^ Bloom"’' and Ber- 
man in the rabbit ear window of Harper and in innumerable other observa- 
tions’-’- -*• *'"• in the studies of 

phagoc}iosis of llertzog,®’ in the work of Kolouch,®’ Taliaferro and Kliiver,'” 
Finlayson and Latta,“ of Plimpton,”® Dougherty,"'- " Bey”® and of Good and 
Campbell.” It. has been shown that the lymphocyte may resemble the rosette of 
neutral red vacuoles,®'’- at one time thought to be characteristic of the mono- 
cyte. IMore recently, it has been demonstrated by De Bruyn,” by means of 
motion pictures, that as the l}'mphocytc h}'])crtro])hied toward the macrophage 
stage, even its mode of locomotion gradually changed from the polarized "hand- 
mirror” manner to that of continuous depolarization characteristic of the macro- 
phage. So much evidence has been brought to bear on the l}'m]>hocytic origin 
of macrophages that Cowdry,-®* in the latest edition of his text, stated that the 
only evidence now lacking is direct obseiwation of lymphocytes undergoing such 
transformation. Such direct observations have now been made in laboratories 
by means of experiments in which individual living lymphocytes of man have 
been ob.served to hypertrophy in los.s than one houi’ into small macrophages, 
in warm-stage preimrations.”’ The hypertroidiy of the lymphocyte to the 
hematogenous macrophage is accomplished n-ith the following morphologic 
changes: increase in cytoplasm; increase in phagocytic ability for bacteria, 
cellular debris and vital dyes; increase in miclear size, breaking up of coarse 
chromatin masses into fine angular pieces, increase in parachromatin; increase 
in number of cytoplasmic neutral red vacuoles with aggregation into a rosette- 
like apparatus; and increasing evidences of depolarization-locomotion. It 
should be kept in mind, however, that reticulum cells, histioc}'tcs, clasmatocytcs 
and monocytes are other sources of macrophages. 

Not only are the lymphocytes one of the important sources of macrophages, 
but they perfoi-m a .second equally important function in the production of anti- 
bodies. The fomiation of antibodies (agglutinins) by the lymph nodes was es- 
tablished by the work of IMcMaster and Ihidack'” and Ehrich and Harris.®’ 
L}’mphocytic hyperplasia accompanying this antibody foi-mation suggested to 
the latter authors that the lymphocyte itself was a factor in antibody contribu- 
tion. Rich, Lewis and Wintrobe’” observed that the cells which proliferated in 
the spleen in acute splenic tumor and in l}'mph nodes draining infected tissue 
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were lymphoid in character and concluded, “that one function of the lymphocyte 
is concerned in some rvay •uith the hodj^’s reaction to foreign protein”. The 
demonstration of the presence of antibodies in the hunphocj'tes was made by 
Dougherty, Chase and TMiite^- and hy Harris, Grimm, I^Iertens and Ehrich.^ 
The rate of release of antibody from the Ijunphocytes was sho^Mi b}’ Dougherty 
and his group^^’ ’’ to be under adrenal cortical control. The r61e of the hunpho- 
cytes in protein metabohsm was established bj" TiTute and Dougherty^*- • who 
found gamma globulin as a hunphocide constituent and demonstrated that the 
rate of its release was under pituitarj-adrenal-cortical control. The lympho- 
cjdes were found to contain a protein which even electrophoreticalh' resembled 
normal serum gamma globulin and furnished this fraction either by endoplasmic 
budding or cellular dissolution or by^ both mechanisms."'^ Gaidamovich,®* how- 
ever, was unable to find anti-influenzal antibodies in the hinphccndes of immu- 
nized rabbits in his studies of antivirus immunitj*. 

Lnunphoende locomotion has been extensiveh^ studied by Levis and Web- 
ster,^°’’ who found that Inunphocndes were the fiiat cells to migrate from ex- 
planted hnnph node pieces into the plasma clot, and later took up increasing 
amounts of neutral red. Lnanphocydes contained no lipoidal substance that 
could be stained vith sudan III or nile blue sulfate according to Sehil.^^^ Soffer 
and Wintrobe^®® found the metabolism of l\Tnphoc\des to be similar to normal 
adult tissues, while their glycol3dic power was about one-half that of the granu- 
locjdes and their oxj'gen consumption not quite equal to that of the latter. Vic- 
tor and Porter^*® obseiwed aerobic gh'col3'sis in noimal and leukemic hmph 
nodes. Dixon and McGutcheon®^ and Clark, Clark and Rex^" foimd that hm- 
phoc3des did not exhibit chemotaxis. Eeding^^ found an enz3Tne in l3Tnphoc3i:es 
which broke down nuclein. Faerbei-^^ did not find c3i:ochrome in l3mphoc3des. 
Barnes® demonstrated the following enz3'mes in the l3mphoc3'tes of the rabbit 
and cat: cathepsin, nuclease, am3dase, lipase, l3'S0Z3Tne and adenosinase. Bra- 
chet*® abolished the basophilia of amphibian l3mphoc3i;es b3" treatment with 
ribonuclease. These cells were oxidase-negative.'® Tborell*'^ studied nucleic 
acid metabolism in the l3Tnphoc3*tes and found that the intracellular nucleic acid 
metabolism of the large l3Tnphoc3’tes indicated a high intensit3' of growth. Jas- 
sinowsk3^V®' quantitative studies of the intensive l3Tnphoc3*tic migration 
through the gastro-inte.slinal epithelium have been enhanced b3' Andrew’s® ■ ® re- 
cent work in wliich he postulated that the degeneration and mitotic activitx" of 
such l3’mphoc3des were comparable to the defensive reaction of Helhnan’s reac- 
tion centers in hmphatic tissue proper. 

Ralph^'® found no pho.spholipids in l3Tnphoc3'te5 and Baillif and Kimbrough'^ 
found that the l3Taphoc3'tes did not stain with sudan black B. Wachstein*®® 
found that l3Tnphoc3'tes of the xJcripheral blood contained no alkaline phospha- 
tase, but that the nuclei of some of the hmphocytes in tonsils and hmph nodes, 
as well as in areas of chronic inflammation, .showed enzxmatic activitx'. V*islocki 
and Dempse3*^®* have shown that h'mphoc3des of the spleen, bone maiTow and 
hmph nodes contained phosphatasse enz3me, less marked in light centers espe- 
ciall5'^ .of the reaction ,t3"pe, and almost entireh' lacking in hmphoc3i;es of the 
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■peripheral blood; the nature of the substrate determined whether cytoplasm or 
nucleus took up more of the stain. These authors also demonstrated ribomi- 
cleoprotein in the lymphocytic c3dopla.sm. Tullis,”' in his penneabilit}’’ studies, 
found that Ijnnphocjdes retained their morphologic integrity longest in hj'potonic 
solutions. Along with the reticulum cells, lymphocytes served as an important 
source of plasma cells and monocyte^.*^ 


Pn.\.SM.'V CELLS 

The peculiar bodies described in tumors bx- Russell,^'- in 1890 , were shown to 
be acidophilic inclusions in the c3rtopl;ism of the plasma cells b3' Dubreuil and 
Favre.'- As the acidophilic inclusions became larger the basophilic protoplasm 
diminished, the nucleus was pushed to the peripher3' and, in some instances, the 
cell disintegrated releasing the Russell bodies into the ti.ssues.’®*' B3' the elab- 
oration of mctachromatic basophil granules, plasma cells 11103' differentiate into 
plasma mast cells (Krom])ccher’®^ and Downe3''^). Dubreuil and Favre*- also 
demonstrated small vacuoles in the c3’toplasni of plasma cells that could be 
stained with neutral red. Bloom’® showed that these vacuoles, stained irtth 
neutral red, in the plasma cell might arrange themselves in the form of a rosette, 
an arrangement once believed to be specific for the nionoc3'te with this .stain. 
Hertzog*^ could find no evidence of phagoc3'tic activity' in these cells. Kolouch®® 
demonstrated that as the antibod3' titer of the blood rose there was a concurrent 
transfomiation of plasmac3'tic reticulum cells to plasma celts. Kagan” found 
that h3’perproteinemia in some instances was accompanied by' an incrca.sed pro- 
duction of plasma cells. Lowenhaupt’®’ suggested a functional relationship be- 
tween the occurrence of plasma cells in conditions of phy’siologio and abnoimal 
increased globulin production. 

Dougherty' and Wiitc'*® noted development of plasma cells in the bone marrow 
and ly'mph nodes following adrenal cortical stimulation, but felt that if these cells 
were a source of the scrum proteins, the lymphocy'tcs were a more important 
source of serum proteins. Further, they' thought that plasma cells might be 
merely' a reflection of the degenerative changes occurring in the h’mphatic tissues. 
Poki’ovsky'a and Makarov,’®' in their studies of human wound exudates, asso- 
ciated the appearance of great numbers of plasma cells with a decrease in the 
acidity' of the wound and with patients showing ulceration, necrosis and poor 
healing in general. They' believed that the plasma cells degenerated readily' with- 
out transforming into fixed cells. Ehrich, Harris and Mei-tens®® believed it pos- 
sible that plasma cells produced beta globulins or related proteins but found no 
evidence that they' produced gamma globulin. Bjprncboe, Gormsen and Lund- 
quist,’® .however, obsen'cd a massive plasma cell infiltration of the adipose tissue 
of the renal sinus of rabbits immimized to pneumococci, and found that extracts 
of this tissue rich in plasma cells contained much more antibody' protein than 
extracts from tissues poor in plasma cells. 

MONOCYTES 

Simpson’®’ • ’®® noted neutral red granule groups in the cytoplasm of the mono- 
cyte and believed that they' were characteristic of the monocyte. This property 
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was shared by the plasma celP® and hypertrophying lymphocjde,'® • leukocytoid 
IjTnphocjde and other membei-s of the reticulo-endothelial cell s3'stem. The 
monoc3i;es as such were obrioush’’ motile and phagocjdiCj®-^ and in tissue cul- 
tures or areas of infiarmnation rapidlj’ transformed into macrophages (histi- 
ocxdes^®’ ’-®). The monoc3i;ogenous macrophages differed somewhat in their 
detailed moi-phologA’’ from the macrophages derived from reticulum cells and 
h'mphocj'teSj (Rebuck’^^’ but probabh' did not differ greatlj* in function. A 
specific function in tuberculosis has been claimed for these cells b}* Sabin--- and 
her group. Sehrt^®^ found droplets staining with sudan III and nile blue sulfate 
in monoc\i:ic c3'toplasm: Ralph’®-' foimd that monoc^de granules contained phos- 
pholipids and lipids extractable with acetone; Wislocki and Dempse3’’°’ demon- 
strated that the CAdopIasm of monoc3i;es of Rhesus monke3'S contained a few 
droplets stainable uith sudan black. IVachstein’^- could find no alkaline phos- 
phatase in hiunan nionoc3*tes. As obsetwed in tissue sections, monoc3’tes ap- 
parenth" show chemotaxis, (IMcCutcheon”’) but attempts in vitro to demonstrate 
this propert3' were of no avail imtil the work of Jacob3'®® with the monoc3'tes of 
hen blood suggested that the attracting influences for monoc3'tes are present but 
extend onl3' for short distances (25 microns). The problem of monocddic function 
in areas of inflammation is intimate^* concerned with those of the more numerous 
and more important hypertroplning l3*mphoc3des (l3Taphoc3'togenous macro- 
phages) and histogenous macrophages, although it is quite apparent that mono- 
C3des them.selves possess proteol3'tic enz3'mes.’' 
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tech:n'ics used ix the study of aspirated 

STERNAL ALARROW* 

LA.^YREXCT: BERALiX, AI.D. 

From the Departments of Pathology and Medicine, Wayne University College of 
Medicine, and the Anemia Laboratory, Oul-patieni Department, Harper 
Hospital, Detroit, Michigan 

Aspiration of sternal marrow for biops}' is now generalh’^ accepted as a valuable 
aid in the diagnosis of diseases affecting the hematopoietic sj'stem. The ad- 
vantages of aspiration over trephination or surgical excision of tissue from the 
sternum are safetj* and simphcity. Since the development of the method of 
stei-nal aspiration by Arinkin/ in 1927, most workers have been content with the 
preparation of direct smears from small amounts of aspirated fluid mateiial. A 
notable advance in technic, de\nsed bj' Sclileicher and Sharp, in 1937, and later 
utilized and popularized in this countr3' b^' Limarzi^*^ and others, was the devel- 
opment of a standardized procedure involving the concentration of the marrow 
ceils Ijy centrifugation, before preparing the smears. 

Tlie basic equipment is simple, consisting of an aspirating needle with an ad- 
justable guard, a syringe and a suitable tube in which the specimen can be centri- 
fuged. The author uses the Khma-Rosseger needier which has been modified 
slighth' b}' various workers. The skin over the stenium is prepared, and the site 
of aspiration, which is usually in the midline between the second and third inter- 
spaces, is infiltrated with anesthetic solution, following which the needle is forced 
into the medullarv' cavity of the steraiun. 

There is ample justification for u.sing the sternum as the site of aspiration. It 
is readily accessible and several studies,” including m3* ovti observations of 
autops3’' material over a period of 3'ears, have indicated that the qualitative and 
quantitative conditions in the sternum are accurate reflections of conditions pre- 
vailing in the other main sites of hematopoiesis. 

The fii-st drop of material is used for the preparation of several smears. This 
material from the first drop is superior for the stud\* of c3*tologic details, as the 
cells have not been subjected to contact vith anti-coagulant. I do not recom- 
mend the use of saline, plasma, or anti-coagulant solutions which some investiga- 
tor® use to dislodge the marrow cells prior to aspiration, because of the artefacts 
created 133* such manipulations. An additional 1.5 cubic centimeters of marrow 
material is then aspirated, and this is immediateh* transferred to a pai'affin-lined 
vial containing a small amount of dr3* heparini which prevents coagulation. One 
cubic centimeter of this heparinized mairow suspension is placed in a Wintrol^e 
hematocrit tube and then centrifuged according to standards which var3' some- 

* From a paper read at the Regional Meeting on Hematologj* of the College of -\merican 
Pathologists, Indianapolis, Indiana, April 7, 1947. Received for publication, April 22, 1947. 

t Manufactured by V. Mueller and Company, Chicago, Illinois. 

t Powdered heparin was obtained from Hynson, Westcott and Dunning, Inc., Baltimore, 
Md. 
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what with the size and speed of the centrifuge. At the end of the period of 
centrifugation, usually about five minute.s, the specimen will be separated into 
three or four layers, namelj’, fat (wlien pre.sent), plasma, nucleated cells and 
erythrocytes. The heights of the various laj'crs arc recorded. 

The quantitative volumetric data obtained bj" centrifugation are useful for 
diagnosis and iruerpretation of marrow lesions. This constitutes one of the ad- 
vantages of the centrifugation method over the older direct .smear method of 
observing the marrow. For example, Limarzi*® reported that the height of the 
nucleated cell layer was from 5 to 8 per cent in normal individuals, from 1.5 to 
3 per cent in aplastic anemia, 20 per cent in microcj'tic hypochromic anemia, 30 
per cent in hemoljdic anemia, up to 40 per cent in pernicious anemia and up to 
75 per cent in chronic myelogenous leukemia. Schleicher’^ has reported a range 
of from 4 to G per cent in healthy adults. The rccentlj' studied series of normal 
adults at basal levels b}* Berman and Axelrod* indicates that the range is .some- 
what greater than pieviously rcportefl. The fat volumes of normal adults have 
been reported as falling within the range of from 0.5 to 3.0 per cent by Schlei- 
cher.’® The fat is discarded and most of the plasma is removed. The nucleated 
cell la 3 'er is completel.y removed and mi.xed thoroughl}' with a small amount of 
plasma in a paraffin-lined watch-gla-ss, and the smears of the concentrate of mar- 
row cells arc made. 

The smears are uniforml}’ cellular when pre])ared in this manner. The path- 
ologist is thus afforded the opportunity for observing numerous cells in a single 
field and, with a little practice, he can become familiar with the principal mar- 
row patterns of diagnostic importance. He should tiy to acquire knowledge of 
the general ])attern of fields in the smear of the concentrate, as he does when e.\- 
amining a tissue pattern from a section of a surgical specimen. He should not 
resort to observation of individual isolated cells as they appear on the ordinaiy 
smear. 

Differential counts arc useful for detailed analj’sis of smears, as there is a 
tendencj’’ to overemphasize the rare or unusual cells, but if the primaiy purpose 
of the aspiration is diagnosis onljq observance of the general marrow pattern 
usuallj' will suffice. In problems of clinical investigation, however, in which less 
obvious changes in the patterns are of importance, differential counts are usuall.v 
necessary. The counts should bo based on a minimum of 1000 cells because of 
the large number of different cell t 3 'pes and the low frequencies of certain cells, 
such as reticulum cells. I\Ian 3 ’- students of the marrow have attempted to de- 
termine the cellularit 3 '- of tliis organ b 3 " resorting to hemoc 3 'tometer counts of the 
fluid aspirated material. The difficutt 3 ' in interpretation of such data stems from 
the factor of dilution of marrow material with sinusoidal blood. The magnitude 
of this dilution factor is, of course, not under control. A surve 3 ' of the literature 
regarding counts in normal indi\’iduals reveals a wide variation of the reported 
cell counts, from 7550 nucleated cells per cu. mm.’® to 216,000 nucleated cells 
per cu. mm. of marrow material.' Of course, an 3 ' attempt to detennine accu- 
ratel 3 ’’ the numerical incidence of certain cell t3q3es, such as the determination of 
the megakar 3 rec 3 de count of sternal marrow, as described b 3 '^ Dameshek and 
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r^Iiller/ is subject to the same type of error, namely, that due to dilution of the 
raarroAV material ndth sinusoidal blood. 

The majority of investigators have ascribed import ance to the ratio of myeloid 
leukocjdes to erjrthi’oblasts in the sample of marrow. This ratio, which is usu- 
ally called the myeloid-erj'throid ratio, was reported by Limarzi^” to vfiiy from 
1.75:1 to 3.5:1 in normal persons. Others have reported ratios of from approxi- 
mately 1:1-^ to 6:1.^® I regard a ratio of from 2:1 to 3:1 as likely to occur in 
healthy adults at basal conditions. Some authors use an index proposed by 
Pontoni,^^ the leuko-enrthrogenetic ratio, Avhich is the ratio between the percent- 
age of immature leukocytes to eiythrobla.sts. This would seem to eliminate 
en-or due to the inclusion of mature leukoc\rtes derived from the sinusoidal 
blood, but it admits an error due to exclusion of band form and pohonorphonu- 
clear leukoc 3 rtes which are noire al constituents of the mareow parenchjrea. It 
must be emphasized that such ratios are relative, and that Avithout quantitative 
data such as are obtained from the volumetric anah’sis of the centrifuged speci- 
men, it is unu'ise to consider changes in the ratios as being indicative of actual 
increase or decrease of leukopoiesis or erj'thropoiesis. 

For certain types of investigation it may be useful to deteireine the relative 
incidences of mitoses among the cells of various maturation levels, and also the 
relative incidences of the difterent stages of mitoses. Some authors 
have made extensive use of such statistics. I have rareh' found it necessaiy to 
re.sort to this elaborate procedure, as the information obtained usualh* is similar 
to that Avhich can be gained hy ordinarj’ means. 

Judging b}' reports in the American literature, the possibility of more complete 
utilization of the aspirated specimen generall}' has been ignored. A valuable 
contribution to technic has been the recent re-emphasis of the value of using 
imprints and sections from the small particles of solid marrow material which 
usualh' are obtained in a successful aspiration. -’ Some of the European 

hematologists, notabh* Rohr,^" haA’e made excellent use of imprints from parti- 
cles of marrow material. The reason for using imprints is that cells of primitive 
type which tend to be present in SA'ncj'tial masses or compact clusters are not 
alwaj's present in the fluid material, but remain intact as cell masses in the solid 
particles. Recentty, Schleicher^^ has outlined his procedure for preparation of 
sections of the solid paidicles, which he calls “gross mareow units”. Berman and 
Axelrod- have described a minor modification which has proved practical in 
their laboratoiy, as Schleicher’s method has proved difficult for technicians who 
must handle a large volmne of surgical and autopsA- material b}' routine methods. 

The A'alue of the routine use of sectioned material is shown bj^ the discoveiy of 
focal lesions, such as miliaiy tuberculosis, Boeck’s sarcoid,^®- hrephoblastorca, 
metastatic timiors, and also bA' the demonstration of anatomic stiaictures such 
as blood A’es.sels and sinusoids, h-mphoid nodules, and others, AA'hich are rareh' 
seen in smears. 

There is at pre.sent a AA'idespread opinion that patients AA-ith idiopathic throm- 
bocytopenic purpura fall into Iaa'o classes AA'ith regard to the marroAV findings and 
the advisability of performing splenectonn'. It is thought that a faA'orable 
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efTcci from .splenectomy ma}- bo expected if tbe marrow conlain.s a normal or 
increased number of megakaiyocytes, and that a favorable effect cannot be ex- 
pected if tbe marrow i.s depleted of megakaiyocjtes. I have encountered two 
cases, howe^’er, in which splenectomy was unnecessarily delayed becau,«e the 
smears did not contain the number of mcgakarj'ocytes which has come to be 
regarded as normal. Tlie sectioned material from one such case is .shown in 







Fig. 1. SeRtion of aggregate of marrow particles from a patient with idiopathic 
thrombocytopenic purpura showing numerous megakaryocytes. 


Figure 1, which is a typical field from the aggregate of marrow particles. In 
this case, the marrow sections revealed an abundance of megakaryocytes, but the 
smears contained a reduced number. 

I have recently studied a ca.se of monocytic leukemia in which the marrow 
aspiration was done one week prior to the death of the patient. The marrow 
sections revealed extensive focal necrosis (Fig. 2) of which there was no clue in 
the smears. The implications of the last case showing antemortem necrosis 
are important in view of the great interest in the search for therapeutic drugs 
for leukemia. If this patient had been treated with an experimental drug, the 
necrosis which was observed before death would ha^'e been jiresent at autops}', 
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and there is the possibility that an incorrect assumption would have been made 
that the change was related to the therapj'. 

At present, I am carrying out an investigation in which the fat content of the 
marrow may be a point of importance. Therefore, it has been necessaiy to make 
a critical evaluation of the '^'olumetric method for deteimining the relative fat 
content of the aspirated specimens.® The results obtained b}' the volumetric 



Fig. 2. Section of aggregate of marrow particles from a patient with monoc\'tic 
leukemia showing antemortem necrosis. 


method and those obtained from a study of the sections have been compared. 
The area occupied by fat spaces is estimated with the aid of a ^Miipple ej'epiece 
disc.® There appears to be a rough correlation between the estimate of fat b 3 ' 
the volumetric method and the estimate obtained from the sections. There is, 
however, lack of significant correlation between the estimates Iw the two methods 
in instances in which the fat volume is less than or greater than 2.5 per cent. 

svM:^L\Ry 

Tlie technics of stwh’ing material obtained ly steraal aspiration, as used in 
this laboratoiy, have been discussed briefl 3 ', and emphasis has been placed on 
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the practical value of the utilization of all the material obtained. The combined 
technic.s, using smears, imprints aiid sections, makes biopsy of the sternal mar- 
row obtained by aspiration more u.seful than it would otherwise be if ba.sed on 
a studj" of smears alone. 
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THE HET^IOLYTIC ANE^SHAS^^ 

STE^TEX O. SCmVAETZ, M.D. 

From the Hehioen Institute for Medical Research, Cool: County Hospital, 

Chicago, Illinois 

Hemolytic anemias may l^e classified clinically and etiologically. Clinically, 
hemohdic anemias are subdivided as hereditaiy, such as the spherocjdic, target 
cell and sickle cell t}*pes, and acquired, which may l^e either idiopatluc or sympto- 
matic, i.e., secondaiy to coexisting disease. The hemoglobinurias, which are ful- 
minant variants of the hemolytic anemias, are commonly classed as parox3'smal, 
cold, noetiimal, march and other minor types. Etiologically, hemohdic anemias 
maj’- be divided into four groups: those due to hemolysins, such as various snake 
venoms, drugs, chemicals and immune hemolysins; those due to agglutinins as 
in transfusion reactions and er\dhroblastosis fetalis, or autoagglutination as in 
acute hemohdic anemias; those due to disturbances of noimal splenic function 
such as accompany excessive stasis in the organ or abnoimal activit\- associated 
with a pathologic process; and hereditain' gi’oups, such as sickle cell, target cell 
and spherocjdic types. 

Several theories have been offered to explain the pathogenesis of hemohdic 
anemias. It has been assumed that these s^mdromes are due to defective red 
blood cell formation, to abnonnal fimction of the reticulo-endothelial system and 
the spleen, to ei-jdhrostasis in the spleen with consequent agglutination and a 
resulting desti-uction of erjdhi-ocjdes, to an increase in lysolecithin or to the ab- 
normal production of hemolysins. It is probable that the hemohdic .sjmdromes 
are the result, for the most part, of several of these factors which, although acting 
singly on occasion, usualh* act sjmergisticalh' or at least in combination. The 
most attractive of these theories is the theory of excessive hemolysin production, 
and my discussion will concern itself primarily with this theory and its clinical 
and e.xperimental corroboration. 

Under normal circumstances, there is a balance between blood formation in 
the maiTow and blood destruction in the reticulo-endothelial sj'stem.. In the 
marrow, nucleated red blood cells are produced and these mature to the stage 
of the reticulocjde, which is extruded into the peripheral stream. Yliereas 
ordinarily the blood reflects the balance between the orderly formation and the 
parallel breakdown of cells, under abnoimal conditions, when blood destmction 
is excessive either intravascularly or in the reticulo-endothelial system, the bal- 
ance becomes disturl3ed and evidences of increased hemoEsis occur. Direct 
emdences are anemia and an increase in blood bilirubin with a secondarj* increase 
in fecal urobilin and lU'inarA'^ urobilinogen. There is usually also a spheroc3’tosis 

• Read at the Regional Meeting on Hematology of the College of American Pathologists, 
Indianapolis, Indiana, April 7, 1947. For the sake of brevity, the charts, tables and illustra- 
tions used in the talk have been omitted from this paper. Received for publication, .-\pril 
21, 1947. 
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of the red blood cells which, therefore, have an increased hypotonic fragility. 
In instances where the destruction i.s e.xtreinely rapid, hemoglobinemia and 
hemoglobinuria ma.y also be demonstrated. Indirect evidence of hemolysis is 
increased marrow activity with consecpicnt peripheral reticulocj’f osis and poly- 
chromatophilia. Nucleated red blood cells appear in the blood in tliG.-'e cases in 
whicii blood destruction is very rapid and regeneration is A’er3' acti^•e. Con- 
comitantly, there is leukocytosis, granuloc.y(osis and an incrca.se in platelets. 
There is also splenomegaly in most instances. 

The two most common types of hemolytic jaundice arc the familial spherocj'- 
tic or congenital type, and the acquire<l type. The congenital form is trans- 
mitted as a iMendelian dominant by either sex, and may become apparent veiy 
earl}" in life. As mentioned previoush', various theories have been advanced as 
to pathogene.sis. Some believe that the marrow is at fault and is responsible for 
the formation of the abnormal spheroc3'tes; othere believe it to be a reticulo- 
endothelial disca.se with i)hagoc\'t osis of the cells; fmalh*, there is the thcoin' of 
excessive hemoh’sin production with secondaiy spherocytosis. Sj'mptom.s may 
be veiy slight, and when present may be due to the anemia, t he occasional crises 
which arc accompanied bj' fever, marked weakness and diarrhea, and those 
sjmiptoms of the gastrointestinal tract, which arc usuall\' due to the frequently 
coexisting cholelithiasis. Most common signs of the di.sea.se are pallor, .slight 
icterus, splcnomegal.y, occasional retardation of growth, “tower skull” and ulcere 
of the leg. Laboratoiy findings are variable and depend on the severitj' of the 
condition. In mild cases, there is noiancmia, while in sec'ere cases, anemia maj' 
be marked. The color index is usually about 1 . 0 . The mean corpuscular yol- 
ume i.? normal but since t he cell thicknc.s.s is increa.scd, because of the spherocjdo- 
sis, the mean corpuscular diameter is reduced. For the same reason there is ab- 
normal rouleau formation in wet preparations. Because of the plysical changes 
in the red blood cells, leducing the .surface to volume ratio, fragilit j’ in lypotonic 
salt solution Ixjcomes increa.sed, and cells are ly.sed in sodium chloride solution 
at concentrations vaiying from 0.5 to 0.85 per cent. Ilemoh’sis also ma}' be 
complete at liighcr levels than normal. Reticuloc.vtosis is alwaj's present, and 
its height varies with the severity' of the anemia. The marrow is.lrepercellular 
with an over-production of red l.)lood cells whose development is normoblastic 
and shows no “shift”. There is bilirubinemia of the indirect t3'pe. This is 
never .severe; in uncomplicated cases, the icterus index I’areh' goes above 30 . 
Liver function tests reveal nothing abnoiTual. 

The causes of acute hemol3'tic anemia of the acquired tA'pe are ^'ariable. 
Although man3" cases are called “idiopathic”, drugs, chemicals, infections and 
allergies are often incriminated. The anemia has a precipitous onset and is 
usualb’’ accompanied b3’’ fevei-, gastrointestinal symptoms and, not infrequently, 
b3'’ hemoglobinuria. Otherwise, the s3'mptoms are similar to those described for 
the congenital t3'pe. D3"spnca and palpitation, because of the acute onset of the 
anemia, are more severe, and there is often pain in the region of the spleen. 
Plysical examination is remarkabb’- noncontributoiy. Except for marked pallor 
and slight jaundice, there are no constant findings. Frequentb" there is spleno- 
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megaly and occaHionalh- hepatomegahL In acute hemolytic anemias, there are 
again evidences of acholuric jaundice with hyperbilirubinemia giving the indirect 
van den Bergh reaction, increased urinary urobilinogen and stool urobilin. The 
blood and marrow findings are those of congenital hemolytic jaundice in crisis. 
It is of interest in passing that both the acid hemolysin test of Ham and the 
Donath-Landsteiner te.st are negative. On rare occasions, hcmoh'sins and/ or ag- 
glutinins may be demonstrated in the acute cases. 

Of greatest importance in hemoMic anemias is the demonstration of sphero- 
cytes. These are red blood cells which have changed from normal biconcave discs 
into forms which are considerably thicker and, therefore, considerably smaller 
in diameter than normal en'throcjTes, without having changed significantly 
in volume. Several methods may be used for their demonstration. They can 
be recognized most readily in the ordinary .stained blood smear by virtue of 
their small size and increased density. They may be identified in the wet prepara- 
tion by their thickness and inabilitj* to form normal rouleau. They may also be 
demonstrated by cell diameter studies in which the average cell is found to be 
much below noimal, and the first peak in the Price-.Jones cur\-e occurs at about 
5 microns instead of 7.5. Finally, cells may be shown to lie spherocjdes by cell 
thickness studies, based on mean cell volumes and mean cell diameters. The 
stained smear of congenital hemolytic jaundice will reveal spherocwdes and large 
polychromatic cells, which on vital .staining are found to be reticulocjies. The 
more fulminant of the hemolj'tic anemias will show, in addition, nucleated red 
blood cells. The marrow in these instances is markedly hypercellular and is 
characterized b}' a preponderance of noimoblastic enThrocytes, with the various 
stages of maturation repre.sented in noimal proportions. IMien a hypotonic 
fragility test is perfoimed on normal cells, there is no hemolysis at a level of 
0.5 per cent salt solution; hemol 3 'sis begins approximately at 0.45 per cent and is 
completed at about 0.25 per cent. IMien spherocjTes are present, however, we 
find a veiw' much altered situation. Hemoh'sis now maj* begin at a level of 
0.7 or 0.8 per cent sodium chloride solution and maj- be complete at a range wiiere, 
ordinarih’, heniolj’sis would not even have begun. 

In studjing hemohriic s\'ndromes, and e.specialh' que.stionable ones, the quanti- 
tative determination of fecal urobilin and the estimation of the hemoh'tic index is 
of invaluable aid. Occasionally, it is also of interest to assa\' pla.sma hemoglobin 
and urine hemoglobin. The acid hemoh'sin test and the demonstration of 
isoagglutinins, isohemol.ysins and autoagglutinins is also helpful in occasional 
cases. 

I should like to review in brief the case histories of four patients with acute 
hemohuic anemias, in none of whom was a famih' historv of anemia, jaundice, 
or splenomegaU' elicited and in all of whom either autohemoh’sins, isohemolysins 
or heterohemoh'sins Avere demonstrated. 

The first ca.se concerned a middle aged white woman with an acute onset of 
the cla-ssic s>mptoms. The patient’s re-sponse to numerous blood transfusions 
Avas entirelA' un.sati.sfactorA-. The red blood cell count remained almost as Ioav 
as it was prior to transfusions and there was A'cry little change in her reticulocyte 
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counts. Following splcncctomj' there was dramatic improvement, accompanied 
by a rising red blood cell count, a falling rcticulocj'te count and a diminution of 
the blood bilirubin. During her convalescence, she had two blood transfusions 
because the eiythrocjle count leveled off at a figure below normal. Finally, it 
was decided to supplement her treatment with liver extract and iron on the the- 
or\’ that the “liver extract principle” might have become exhausted because of 
the extreme anemia and ^•en' rapid blood regeneration. Following this supple- 
mentarj" treatment, and possibly because of it, there was a ri.se in her red blood 
cell count which soon reached normal values. 

The second patient was also a middle aged ivhite u'oman who gave a .similar 
response to treatment. In this patient, the time between establishment of the 
diagnosis and splenectomy was considerably fore-shortened, so she required sub- 
stantiall}’" fewer transfusions before recoverj'. iVluch residual hemolytic activitj* 
persisted for approximately one month after splenectom}', judging by the patient’s 
reticulocyte curve. Gradually this hemolj-tic activity diminished, reticulocytes 
decrea.sed in niunber, and there was a progre.ssive increase in the red blood cell 
count, with eventual complete recovery. 

The next patient Avas a Avhitc man whose condition was originallA' incorrectl}' 
diagnosed as pernicious anemia. He Avas intensiA'ely treated AA-itli liA'cr extract 
and blood transfusions. Once the correct diagnosis AA-as established, a splenec- 
tomy AA'as performed. This operation A\*as followed by dramatic, rapid improve- 
ment in both clinical and hematologic states. It is of interest to note that ap- 
pro.ximately one month after splenectomy he had a secondarj' reticulocAde rise 
AA'hich probably represented a response to the destruction of the transfused cells 
AA'liich he receh'ed prior to .splenectomy. 

The fourth patient AA'as a boA’ aa-Iio AA-as intensively treated AAith transfusions in 
the hope of aborting the disease, as dcscriljed by Lcderer in cases of acute hemo- 
Ijdiic anemia of childhood. In spite of numerous transfusions, hoAA'CA’er, the 
patient eventuallj- had to have a splenectomy. There AAas a remarkable degree 
of blood destruction as judged bj-^ his inability to maintain a satisfactorj' red 
blood cell level in face of the intensiA’e hemothei apA'. There AA'as also a marked, 
constant increase in his urinaiy urobilinogen before splenectomj' and, AA-ith the 
exception of temporary' depressions of the reticulocA-tes folloAA'ing massiA'e trans- 
fusions of blood, his reticuloc3de IcA-el remained betAA'een 20 and 40 per cent. 
FolloAA'ing splenectomj", his post -operative recoA'erA' aa os entirelj' uneventful and 
quite complete. 

Auto-, iso- and heterohemolA’’sins aaci'c demonstrated in these cases and an 
attempt Avas made to produce similar changes in animals. Prepared hemolj’tic 
rabbit antiserums to guinea pig cells AAorc pi oduced and these AAcre injected into 
guinea pigs in Amrious doses. It AA'as found that AA'hen an excessive dose Avas in- 
jected a precipitous drop in the red blood cell count and in the hemoglobin leA'el 
foUoAved. The drop in hemoglobin, hoAAeA’^er, Avas not parallel to the reduction 
in the number of er}’throc 3 ’’tes, because of hemoglobinemia. When somewhat 
smaller doses of hemolj-tic serums AA'ere administered, the drop in red blood cell 
count AA'as less precipitous and there Avas a beginning rise in reticuloc}'tes to 
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compensate for the blood destruction. Spherocjdes appeared about forty-eight 
hours after the administration of the hemoMic serum and, at the peak of the retic- 
ulocjde response, normoblasts also appeared. ^Tien still smaller doses of hemo- 
l3dic serum were given, the above described changes took-place more slowl}’, but 
the changes were essentiall}' similar. In the course of the drop in red blood cell 
count, there developed a spherocjdosis -with a compensatory reticuloc^'tosis. 
Gradually the dose of hemohdic serum could be reduced to a point where the 
changes which took place were similar to those seen in chronic human hemohdic 
anemia. There was constant spheroc3dosi3, moderate anemia and persistent 
reticuloc3dosis. If the hemol3dic serum adnhnistration was discontinued, the 
ammal recovered in a manner exactl3" similar to that seen in man after splen- 
ectom3'. The experimental animal ma3' also, in a sense, be immunized to the 
hemol3dic serum b3' having its Ijlood regenerative activit3' increased b3' graduall3" 
increasing doses of hemol3dic senuns. Such treatment produces a fimctional 
h3"perplasia of the marrow, making it possible for the animal to respond to doses 
of hemohdic serums which noianalh' would be uniforml3' fatal. This is similar 
to what must occur in chronic human cases and illustrates what happens during 
hemohdic crises in the course of the disease. These hemohdic crises, which 
ordinarity would be fatal, are tolerated because of the sensitization of the organ- 
ism b3’’ either repeated or continuous previous minor insults. 

The reciprocal relationship between red blood cell diameter and red blood cell 
fragility’- can be demonstrated readih- b3’’ producing hemohdic anemias of var3ang 
severit3^ In relativel3^ chronic cases, a great number of spheroc3des is produced. 
At the point where their number reaches its maximum and, therefore, the average 
cell diameter is smallest, the fragility of the cells is greatest. TiTien administration 
of the hemohdic serum is discontinued and the spheroc3des disappear, the red 
blood cell fragilit3* returns to normal. Tliis relationship of red blood cell diameter 
to fragiht3' will var3' vith the dose of hemohdic serum used. Since the largest 
doses of hemohdic seiums produce most marked spheroc3dosis, the3' wall also 
produce the greatest change in red blood cell fragilit3a Thus, there are analogous 
proee.s.ses occurring in vivo and iri vitro, since with each decrease in the average 
red blood cell diameter there is an accompan3dng fall in the numljer of red blood 
cells. 

Of incidental interest in acute hemohdic anemias is the double-humped 
Price-Jones curre, whose humping is traceable, b3' differential measurements, 
to the preponderance of spheroc3des on one end of the range and the greath- in- 
creased number of reticuloc3des on the other end. The configuration of the Price- 
•Jones curve will vary depending on the relative numbers of these two cell t3'pes. 
If cell diameter studies are done on the nonreticulated cells ouIa', in a patient 
with acute hemohdic anemia, the spheroc3des are found to predominate. After 
splenectom3', however, there is a considerable shift to the right in the Price- 
Jones curve indicating that the number of spherocAdes has diminished and the 
average cell diameter has increased toward normal. A precise replica of what 
occurs clinicalh^ ma\' be produced experiment alh*. 

From the above described findings, it ma3' be said that hemohdic anemias varA- 
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in their manifestations depending on tJie amount of liemolj'sin present. When 
iiemolj'sin is present in veiy higli concentration, tlicre is a fulminant destruction 
of red blood cells with hcmoglobinemia, hemoglobinuria and a precipitous drop 
in the number of red blood cells. Somewhat lessened amounts of hemolysin re- 
sult in a less rapid destruction of cells and a consequent spheroe\’tosis, increased 
fragility, bilirubinemia and reticulocjdosis. When still less hemol3'sin is pre.sent, 
slower destruction Avill take place, but the ultimate results, although to a less 
marked degree, will be the same; thus, theie will be spheroc3'tosis and a moderate 
increase in fragility^, but no anemia, since the regeneration can keep pace mth the 
destruction. In these instances, theie nia3’’ be practicalh' no increase in bilirubi- 
ncniia, although some inercase in urobilinogenuria and fecal urobilin Avill be 
present. 

The evolution of both experimental and clinical hemolydic s3Tidromes may be 
summarized as follows. During the hemoh’tic phase clinicalh', or after the 
injection of hemoh’tic scrums experiment all3', there is a change in the ral blood 
cells which results in the foimation of spheroewtes. As a b3'-product there is a 
marked reduction in the average red blood cell diameter. As a consequence of 
the spheroc3’tosis the cells become more fragile, disintegrate and anemia results. 
To compensate for the anemia, large numbers of reticuloc3’tcs arc released into 
the circulation and there is a rapid increase in the average red blood cell diameter 
owing to the presence of these reticuloc3’tes. This represents the regenerative 
phase, or phase of compensation. With the reticulocytosis there is a concomitant 
rise in the number of red blood cells. AVith the increase in rcticuloc3ies and the 
disappearance of spiieroc3’tes, the red blood cell fragility’ again diminishes and 
eventually’ returns to normal as the red blood cell population in turn becomes 
normal during the phase of recovery. 



«:JENSITIZATIOX TO THE Hr FACTOR BY BLOOD TRANSFUSIONS* 

LEON N. SUSSilAN, Y.D. 

From the Beth Israel Hospital, Iveic York City 

The voluminous research, both investigative and statistical, that has been 
done in relation to the E,h factors has served to acquaint the profession with 
the importance of these agglutinogens. Less familiar is the reciprocally related 
antigen designated as Hr by Le\’ine.® Race and Ta3'lor^ also described a serum 
which agglutinated aU Rh-negative cells as well as 80 per cent of the Rh-posi- 
tive cells, which the}* named St. It remained for Wiener, Da\ndsohn and 
Potter® to demonstrate the similaritj- in both seiaims, and to elaborate further 
on the theoiy of the occurrence of this Hr factor. As the Hi* factor was absent 
from agglutinogens determined b}^ the genes Rlq and rh', but present in the 
agglutinogens determined hy the genes rh, rh", Rho and PLho, the designation 
Hr' was suggested bj* Wiener.® That each of the three Rh factors should 
theoreticaUj’ have a reciprocalh* related Hr factor was suggested b\' Fisher.® 
Substantiation of at least part, of this theon* was attained when IMourant’ 
announced the finding of a serum reacting in the manner predicted for anti- 
Hr". The value of these serams in paternity studies was well demonstrated 
bj' Wiener." 

To date, anti-Hi*' testing serum has been obtained from Rh-positive mothers of 
er^rthroblastotic children. The infrequenc}'’ of such sensitization is obvious from 
the paucitj' of reports and the scarcity of the testing serums. Statistically 
among Caucasians in New York City approximateh’ 20 per cent of the popula- 
tion is Hr-negative,' which is a necessarj' prere([uisite for sensitization. The 
rarity of reported cases of sensitization speaks for the low antigenicity* of this 
factor. The more antigenic Rh factora have been shown by numerous workers 
to produce sensitization as a result of pregnancy* in only* one in twenty-five Rh- 
negative mothers. It recently* has been noted that transfusions of Rh-positive 
blood to Rh-negative recipients produced sensitization in 50 per cent of the 
cases when repeated transfusions were given. That these same statistical results, 
but of a lower order of frequency, could be obtained in the Hr series seems 
plausible. In particular, the transfusion of Rh-negative blood into a homo- 
zy-gous Rh-positive recipient would serve to sensitize the recipient to the greate.st 
degree, as a two gene dose of the Hr antigen is present. 

In the operation of a blood bank, the indiscriminate use of Rh-negative blood 
for Rh-positive recipients has been condemned as wasteful, resulting in un- 
usual shortages of Rh-negative blood when needed. In the light of this report 
it becomes obvious that in addition to being wasteful, the use of Rh-negative 
blood for Rh-positive recipients is dangex’ous. Tliis practice may* lead to 
severe hemoly*tic reactions in recipients, or to ery*throblastosis fetalis in the 

* This study was supported by funds provided by Miss Sally' Bloom of New York. 
Hcceived for publication, }ilay 21, 1947. 
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offspring, and should be condemned for exactly the same reasons that the use 
of Rh-positive blood for Rh-negative recipients is avoided. 

RBPOKT OF CASE 

M. L., a CO year old white man, was admitted to the surgical service of Dr. Perej' Ming- 
enstein with a diagnosis of carcinoma of the cecum. A rather severe secondary anemia 
(hemoglobin 51 per cent = S gm., erythrocytes, 3,200,000) was present and preoperative 
transfusion was requested bj’ the attending surgeon. The patient’s transfusion history 
was routinely obtained and revealed that four months before admission, he had received 
an uneventful transfusion of 500 cc. of blood for an unexplained anemia. One week before 
admission, another transfusion was begun but was terminated after about 400 cc. of blood 
had been administered because the patient developed a shaking chill, followed by profuse 
sweating. Xo observations as to fever, jaundice, hemoglobinemia or hematuria were avail- 
able. 

Routine blood grouping revealed the patient to be group B, Rh-positive. Cross match- 
ing with group B, Rh-positive blood from the bank was performed in the usual manner, 
but was reported as revealing questionable compatibility. Routine slide conglutination 
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cross matching’ revealed prompt clumping of the donor’s cells by the recipient's serum. 
At this point, it was realized that the p.itient’s serum was acting unusuallj’ and more thor- 
ough study was undertaken. This revealed the p.atient to be of group B, RhiRhi (Hr 
negative). A slide sensitivity test’ (conglutination technic) revealed that the patient’s 
serum clumped Rh-negiilive blood, Rh; blood, but failed to clump Rhi blood. (This latter 
subsequently w.as shown to be Hr-negativc.) The results of titration of the antibody in 
the patient’s serum arc shown in Table 1 . 

Testing of several group B, Rlq bloods revealed agglutination of fifteen of the twentj' 
specimens tested. The live nonagglutinated specimens were tested with standard Hr' 
serum and were found to be Hr-negative. Thus, the serum corresponded in specificity to 
the action of standard Hr' serum. The conglutination titer, however, was higher than the 
agglutinating titer. This quality made the serum particularly useful as a rapid diagnostic 
serum for the Hr' factor. 

A review of the two previous transfusions received by this patient was attempted. At 
the time of the initial transfusion, it was found that he had been grouped as B, Rh-positive 
and had received corresponding blood. The Hr grouping of this blood was unknown. 
Since only 20 per cent of random bloods are Hr-negative, however, it seems fairly safe to 
assume that this transfusion was Hr-positive. At the time of the second transfusion, it 
was discovered that the patient was given 0, Rh-negative blood. This resulted in a mod- 
erately severe transfusion reaction as described in the patient’s historj'. In the light 
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of the present findings, a characteristic antibody stimulation or sensitization occurred 
at the first transfusion, manifested bj' an antibody-antigen reaction mth the E.h-negative 
Hr-positive cells of the second transfusion. What might have resulted from a third trans- 
fusion of Hr-positive cells in this sensitized patient is not difficult to imagine. Instead, 
a transfusion of 500 cc. of group B, BhiBhi (Hr-negative) blood was given with no reaction 
and a resultant rise of hemoglobin from S gm. (51 per cent) to 9 gm. (oS per cent). Sub- 
sequently, several transfusions of B, BhiRhi (Hr-negative) blood were administered with- 
out any untoward reaction. 


DISCUSSIOX 

The production of Hr' antibody in an Hr-negative recipient hy the trans- 
fusion of Hr-positive blood is evidence of the antigenicity of this factor. It 
thus becomes of increasing importance to detennine the Hr reaction of potential 
recipients of group Ehi and rh'. Homozt- gous (Hi'-negative) recipients should 
receive transfusions of Hr-negative blood only. The dangers of the indis- 
criminate use of PJr-negative l^lood in Rh-positive recipients is clearly demon- 
strated bj' this case. The Rh-negative blood (being Hr-positive) is as likely 
antigenic for an Rh-po.sitive, Hr-negative recipient as the reverse would be 
(Rh-positive blood for an Rh-negative recipient).® The .slide conglutination 
compatibility test has proved its value again when used as a supplement to 
routine cross matching. 


COXCLUSIONS 

A case is presented demonstrating a transfusion reaction due to the presence 
of Hr antibodies as a result of sensitization from a previous Hr-positive trans- 
fusion in an Hr-negative recipient. The dangers inherent in the use of Rh- 
negative blood for any but Rh-negative recipients is demonstrated. 

Acknovcledgmenl. The technical assistance of Miss Ruth Brender and Mns. Hannah 
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PR.ELIMINiVRY REPORT ON A SUBSTANCE WHICH 
INHIBITS ANTI-Rh SERUM* 

BETTINA B. CMITER, M.S. 

From the Inslitulc of Pathology, R'es^ern Pennsylvania Hospital, Pittsburgh, Pennsylvania 

Witebsky and Klendshoj,® Ilallauer,® Landsleiner/ GoebeP and otliers haA'e 
isolated blood group specific substances of carbohydrate nature from various 
sources, i.c., gastric juice, red blood cells, saliva and commercial peptone. 
Belkin and Wiener* have demonstrated the property Rh in the stromata of red 
blood cells and have used the stvomata as antigen. Gallagher and Pillischer' 
have lused stromata from group 0, Rh-positive cells to immunize guinea pigs 
to the Rh factor. Calvin and co-workers- have obtained from stromata material 
which they consider to be a lipoprotein, called elinin, which has Rh spccificit}'. 
Ml of these Avorkers with Rh lused physical methods for separating the active 
substance. 

It is possible bj’’ chemical means to obtain a sub.stance which completely 
inhibits high-titered standard hiunan anti-Rh serum. This substance is pro- 
duced as follows: pooled, washed, packed, group O, Rh-positive cells ai'c shaken 
at 4 C. with an equal volume of distilled water in oitler to lake the cells. Five 
volumes of 95 per cent alcohol are added to the laked cells in order to precipitate 
the protein. The flask containing the material is rotated for thirty minutes 
and allowed to stand at 4 C. over-night. The red, powdeiy precipitate is sepa- 
rated from the alcohol bj' filtration and allowed to diy at 4 C.; 5 volumes of 
anesthesia ether are added to this powder. The flask is rotated for thirty 
minutes and kept at 4 C. Extraction continues for eight days, with thiily 
minutes of rotation daily. At the end of this penod, the red powder is sepa- 
rated from the ether by filtration and discarded. The ether filtrate is eA'ap- 
orated vlth the aid of an electric fan. One si.x-inch Petri plate is filled Avith the 
filtrate and refilled as soon as evaporation aaIII alloAv. Since the amount of 
inhibiting substance obtained is small, it is desirable to make aU eA’aporations 
in the same container. 

Complete eA'aporation of the ether leaves a AAliite to cream colored lipid 
material. A Amlume of 800 cc. packed cells yields appro.ximately 300 mg. of 
the substance. The material is soluble in 95 per cent alcohol, acetone, .xylol 
and chlorofoi-m. It seems to be closely associated A\Ith the blood cholesterol 
since it gives positive Liebermaim-Burchard and SalkoA\'ski’s tests. A I'.o 
dilution of an anti-Rh standard human serum AAith a titer of 4 plus in a 1:600 
dilution is complete!}' inhibited AAlien this substance is present in a concentra- 
tion of 0.25 per cent. Some lots haA'e j'ielded material aaIiIcIi AA'ould inliibit in 
a concentration of 0.0125 per cent. This substance does not inhibit high- 
titered A and B serums. 

* Received for publication, April 28, 1947. 
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The method used for testing inliibition is as follows: 50 mg. of the substance 
is dissolved in 5 ml. 95 per cent alcohol by shaking gently in a water bath at 
56 C. One ml. of this alcoholic solution is mixed rapidity with 1 ml. of 0.85 per 
cent saline by pouring the mixture back and forth from one vial to another. 
Equal volumes of this suspension and the Rh seimn are combined. The usual 
practice is to allow the mi.xture of seiami and suspension to incubate at 37 C. 
for fifteen minutes, but tests show that the inhibition takes place at once. Con- 
trols are set up by combining equal volumes of 50 per cent alcohol in saline and 
the same anti-Rh serum. This mixture is incubated simultaneously with the 
combination of inhibitor and semm. The inhibited seram and the control 
serum are tested against a series of group 0, Rh-positive cells, as shown below 
in the usual method used for detennining Rh sensitization. 


Cells ! 
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i . { ! 

fill 
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1 i 

* t i ‘ 
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, - , I , - J 

j - 


j 1 ......... j , 

* ' ' * f ‘ ‘ * 1 
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The cells used are 2 per cent suspensions, each from a difiierent donor. The 
serum, before combining vith inhibitor or vith 50 per cent alcohol in the con- 
trol, is diluted 1:5. Tlie inhibited semm and the control semm are tested 
by adding two drops of the semm for each test to two drops of cell suspension 
in saline. The tests are incubated for thirty minutes at 37 C. 

In order to be sure that the inhibition was not merely a physical adsorption 
of antibody on lipid particles, the suspension of alcoholic inhibitor in saline was 
centrifuged. The supernatant fluid and the particles resuspended in saline 
were each used in equal volumes with the anti-Rh serum to see if either alone 
would inhibit. The supernatant fluid inhibited the semm; the resuspended 
particles did not. iVlso the inhibition tests as outlined above were set up using 
cholesterol (Eimer and Amend, G.P.) in place of inhibitor in the same con- 
centration. No inhibition took place. 

Twenty -four guinea pigs were inoculated intraperitoneally and two rabbits 
were inoculated intravenously with a 10 per cent suspension of this lipid mate- 
rial. Twenty -four pigs were inoculated vith 10 per cent suspensions of human 
group 0, Rh-positive red blood cells as controls. Inoculations were made intra- 
peritoneally and the methods previoirsly described elsewhere," of injecting on 
alternate days for a total of six inoculations, were followed for both red blood 
cells and lipid suspension. Each of the control animals produced agglutinins 
for group 0, Rh-positive cells: the lowest titer was 1:160. None of the ani- 
mals inoculated with inhibitor .substance produced antibodies to human red 
blood cells. However, when equal volum.es of 10 per cent lipid suspension in 
50 per cent alcohol and 10 per cent egg albumen (Eimer and Amend, soluble 
scales) in saline were injected intraperitoneally in the same manner, five out 
of the twenty-four guinea pigs inoculated developed agglutinins demonstrable 
in 1:10 dilution for group 0, Rh-positive cells. In each of the 72 animals, 
inoculations of 2 ml. of the appropriate material were made on alternate days 
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until a total of six injections had been given. Bleedings verc made from the 
heart one week after the final inoculation. Each of these pigs was tested before 
the series of inoculations was begun to make sure that the normal blood con- 
tained no agglutinins for group 0, Bh-positive cells. Ivone of the normal 
pigs showed agglutinins. 

As a third check on tlie specific nature of this lipid inhibitor, te.sts were carried 
out to deteimine whether a suspension of this substance plus human standard 
anti-Bh serum would fix complement. Extensive experimentation was nec- 
essaiy to deteimine the. antigen dilution range, but finally it proved pos.sible to 
demon.strate complement fixation with the Bh inhibitor as antigen. In the 
lot under investigation, 0.5 ml. Bh inhibitor at a 1:2000 dilution with human 
anti-Kh serum, 0.05 ml. in 0,5 ml. dose, will fix two full units of complement to 
produce a 4 plus reaction. The complement-fixation te.sts were set up e.xactly 
as in a quantitative Kolmer procedure for the serologic test of sj’^philis, using 
carefully titmted lyophilized complement and high-titered amboceptor. Serum 
controls were negative and, as an additional control, noimal human serum was 
set up in place of the anti-Bh senim in an identical quantitative procedure and 
tested simultaneously. This control was invariably negative. 

Calvin and Bchrcndt- found their elinin fraction to be thermolabile, but 
mentioned an ether-soluble material obtainable only occasionally which was 
theimostable. The activity of our ether-soluble fraction is resistant to heating 
at 5G C. It is probable that the presence of protein renders the elinin sus- 
ceptible to heat. When the protein is ah.scnt, the inliibitor substance resists 
inactivation. 

It would seem logical to assume (hat the ether-soluble inhibitor of Bh anti- 
body is hapten. Apparently, in itself, it is incapable of stimulating the pro- 
duction of antibody, but in company with a protein “carrier”, Rh antibody is 
produced. The possibility of making use of Bh hapten in the desensitization 
of Bh sensitized mothei's or in the prcA’cntion of sensitization is alluring to many 
investigators. Work of this type is under way now and will be reported at a 
later date. 

In the process of obtaining inhibitor from red blood cells, it is desirable to 
save the initial alcoholic filtrate. Some of the inhibitor may be obtained from 
this by concentration under vacuum. 


SUMMARY 

A fraction has been separated from group O, Bb-positive cells Avhich is non- 
antigenic in experimental animals, but Avhich is antigenic Avhen injected simul- 
taneously with a protein carrier. This substance, which is lipid in nature, 
specificall}^ inhibits the agglutim’ns present in anti-Bh serum. Also it AriU 
fix complement in conjunction with human anti-Rh serum. It resists in- 
activation by heat and is probabb’^ Rh hapten in impure foim. 
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NESSl.ERIZATION TECIIXIC AXD EJ’S EFFECT ON 
SERU:M PliOTEIX VAIX'ES* 


DOKIS irUXTKK, B.Sr. 

From the Hospital Laboratory, Research and Educational Hospitals, University of Illinois 

College of Medicine, Chicago, Illinois. 

Serum protein determinations in our labonitoiy by the pliotometric modi- 
fication of the Campl)ell-Uanna method^ could not be satisfactorily and con- 
sistently checked. JDuplicate determinations of total serum protein by this 
method by several workers in the lal)oratoiy .showed a wide range of values. 
Our total protein values were invariably high as checked against those values 
obtained bj' other reliable methods.-' ^ 

The Campbell-Hanna method* for total senim protein is carried out as fol- 
lows: Alake a 1:50 dilution of serum with 0.85 per cent sodium chloride. Place 
1 cc. of the dilution in a digestion tube, 200 .k 75 mm., graduated at 21 and .30 
cc. Add one glass bead and 0.55 cc. of 1:1 sulphuric acid and digest in a hood ^ 
as for a nonprotein nitrogen analysis, using four drops of supero.xol to complete 
the digestion. Cook, add distilled water to the 21 cc. mark and place in a 
water bath at 25 C. Add 9 cc. of Ne.ssler’s reagent, mix by inversion, and 
after five minutes read in a photelometer standardized with di.stilled water at 
100 per cent transmittance. 

The principal sources of error with the above-mentioned technic are: (1) 
contamination of the acid digestion mixture with nitrogen compounds; (2) 
contamination of the supero.xol with nitrogen-containing compounds; (3) con- 
tamination of samples during digestion due to the presence of nitrogenous 
gases in the hood; and (4) errors uitroduced by variations in nesslerizingtechnic. 

To investigate the first three sources of error, three series of blanks using 
distilled water instead of a nitrogen standard or a serum dilution were set up. 
These blanks, treated as indicated in Table 1, were read on the photelometer 
which had previoush* been standardized with distilled water at 100 per cent 
transmittance. The results are given in Table 1. 

'l^Oiile the results shown in Table 1 indicate that the addition of the acid 
digestion mixture introduces some nitrogen into the sample (appro.ximately 
0.005 mg.), the magnitude of the error from this source is negligible. Similarly 
the data .show conclusively that nitrogen contamination from the supero.xol or 
from accumulated gases in the hood is not a significant factor. 

Variations in nesslerization technic and their effect on the total protein 
values were then studied on a pooled sample of senim. Two series of twenty 
determinations each were run on this samjile vith all factors of technic con- 
trolled and standardized vith the e.xception of the nesslerization process. In 
series A, the Xessler’s reagent was added slowh’’ down the side of the digestion 
tube and, in series B, the Nessler’s reagent was added rapidly and directly into 

* Received for publication, iMay S, 1947. 
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TABLE 1 


Data ox the Sources of Error ix the Campbell-Haxxa Method for Totae Serum 

Proteixs 




?H0XEL0UETx3l iEADIKGS 


SAlEPLrS 


Series 

\ 




2nd 1 


1. Distilled HjO + heat (in hood) -r Nessler’s 
reagent 1 

i 99.4 

99.5 

i 99.5 1 

99.5 

2. Distilled H;0 + heat (outside hood) -f Nessler’s | 
reagent I 

1 

99.0 

99.2 

1 I 

99.5 [ 

99.2 

3. Distilled H-O + HjSOi -r heat (in hood) -f 
Nesslp.r’s reagent 

1 

9S.0 

98. 0 

i 

98.2 j 

! i 

98.1 

4. Distilled H;0 -f HiSO^ -r heat (outside hood) -- 

Nessler’s reagent 

98.4 

i 99.0 

j 99.0 j 

98.8 

5. Distilled HjO -f HiSO< -r heat (in hood) -r 4 
drops superoxol -f- Nessler’s reagent 

98. 0 

i 

! 98.2 

i \ 

\ 98.0 1 

98.1 

6. Distilled HjO + H;S 04 4- heat (in hood) 4- S i 
drops superoxol 4- Nessler’s reagent ! 

j 

98.0 i 

1 

1 98.2 

‘ 1 

1 i 

1 98.0 1 

98.1 

7. Distilled HjO 4- HiSOi 4- Nessler’s reagent 
(outside hood) 

S 

1 98.2 

i 98.0 

1 1 

1 1 

98.2 1 

98.3 

8. Distilled HjO 4* Nessler’s reagent (outside 
hood) 

I 

[ 99.0 

i 1 

? 

1 99.0 

! 1 

I 99.3 i 

1 t 

99.1 


TABLE 2 

Series A: Nessler’s Eeagext Added Slowly Dowx the Side of the Digestiox Tube 


EA^!PLE 

PHOXEIOIETER KEADIKG | 

MG, K PEE cc. or 1:50 
DILUTION* 

■ TOTAL PEOXEIN* 

IX PLB. CEKT 

1 

59.0 

0.280 

I 8.55 

2 

60.0 

1 0.271 

i 8.27 

3 

60.0 

1 0.271 

1 8.27 

4 

60.0 

i 0.271 

1 8.27 

5 

58.0 

i 0.290 

1 8.86 

6 

60.5 

0.268 

8. IS 

7 

60.5 

i 0.268 

S.IS 

s 

58.5 

i 0.2-85 

8.71 

9 

60.0 

1 0.271 

8.27 

10 

60.0 

1 0.271 

8.27 

11 

60.0 i 

0.271 

8.27 

12 i 

59.5 

0.275 

8.39 

13 ' 

60.5 f 

0.26S i 

8.18 

14 

61.0 

0.263 

8.01 

15 

57.0 : 

0.299 

9.14 

10 

58.5 

0.285 

1 8.71 

17 

59.0 

0.280 

j 8.55 

IS 

59.5 

0.275 

1 S..39 

19 

01.0 

i 0.263 

1 8.01 

20 

59.0 

1 0.2S0 

j 8.55 

t 

Average 

59.6 

t 

1 0.275 

1 

1 8.57 
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the center of the solution, with immediate mixing inversion in both instances. 
Tables 2 and 3 represent the data from series A and B, respectively. 

The pooled sample of serum was analyzed for total protein according to the 
Loone}' and "Walsh turbidimetric method.-"' The value was found to be 6.98 per 
cent total protein. 


T.V13LK 3 

Sbiues B: Ne.ssi.er’s Re.\gent Added Rapiddy an'd Directly into Center 

OF THE vSOLUTIO.V IN THE DiGESTIO.N TeRE 


S.UIPLE 1 

PIIOTELOirnTER READINO 

1 MO. N' PER cc. or 1:50 

( DILUTION* 

TOTAL PROTEIN* 

IN PER CENT 

1 

04.0 

0.237 

7.21 

2 

03.5 

0.240 i 

7.30 

3 

04.0 

! 0.237 

7.21 

4 

05.0 

; 0.229 

0.90 

5 

04. S 

1 0.231 1 

7.02 

6 

04.8 

1 0.2.31 i 

7.02. . 

7 

04.0 

0.237 1 

7.21 

s 

05.0 

0.229 

0.90 

9 

05.0 

0.229 j 

0.90 

10 

04.0 

0.237 

7.21 , . 

11 1 

04.2 

; 0.235 

7.14 

12 

04.0 

1 0.2.37 

7.21 

13 

1 03.5 ; 

1 0.240 

i 7.30 

14 

i 04.0 

! 0.237 

i 7.21 

15 

05.0 

1 0.229 

0.90 

10 

03.0 ! 

1 0.240 

7.30 

17 

04.5 ‘ 

; 0.232 

I 7.05 

IS 

03.0 1 

i 0.240 

7.30 

19 

04.5 I 

I 0.232 

7.05 

20 I 

05,0 

' 0.229 

i 

0.90 

Average 

04.2 

! 0.2,35 

7.14 


DISCUSSION 

Slow nesslerization down the side of the digestion tube causes a significant 
elevation of the serum protein level. A value of S.57 per cent total protein was 
obtained by this technic, as compared vith 7.14 per cent bj”- the rapid addition 
technic and 6.98 per cent by the Looney and Walsh method. 

Earty articles by Folin and Denis'* for the direct nesslerization technic in 
nitrogen detei-minations merely' state that the Nessler’s solution should be 
added to the digestion mixture and the resulting solution mixed quickly. Wong® 
states that the Nessler’s solution should be allowed to fall direct!}’ into the 
solution in the digestion tube and then mixed. In the more recent modifica- 
tions of the direct nesslerization method the directions include only the rapid 
addition of Nessler’s solution to the digestion mixture and immediate inversion 
to assure complete mixing of the solutions. 
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COXCLESIOXS 

Yariations in nesslerizing technic using the Campbell-Hanna method produce 
marked alterations in the senun protein values. 

To obtain satisfactory^ results in the use of Xessler’s reagent, not only should 
the reagent be added rapidly, but it should be added directly into the center of 
the solution and immediately mixed by inversion. 
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OCCURRENCE OF WALTHARD CELL RESTS OR BRENNER-LIIOS 
EPITHELIUjM in THE SEROSA OF THE 
EPIDIDYMIS* 

PHILI]> II. HAllTZ, M.D. 

From the Public Health Service, Curasao, N, IF. /. 

Since it has been recognized that the Brenner tumors are benign gro^vths 
without endocrine influence, their most interesting aspect lies in the question 
of their histogenesis.'’ Mej^er^ believes that tl)e Brenner tumor arises from the 
so-called Walthard cell rests. Danforth- came to the conclusion that Brenner 
tumors and Walthard cell rests bear a strong resemblance to one another, 
especialty in nuclear detail; the basic nuclear type of each showing a peculiar 
groove. iVi'e3’^' after pointing to the longitudinal grooving of the nuclei of the 
Brenner tmnors and of the Walthard cell rests, suggested the serosal epithelium 
as the common source of both foirnations. According to Schiller,"- ® the Brenner 
tumor maj' develop from the ovarian surface epithelium, especiallj- if it has 
formed Walthard cell rests, or from remnants of the uropoietic s\'stem. Novak® 
considers the possibilitj- that Brenner tumors maj- arise from areas of meta- 
plasia of the peritoneum and gemiinal epithelium. The accidental finding in 
the epididjTnis of small nests of epithelial cells which were continuous vith the 
mesotheliiun of the tunica vaginalis propria and showed a strong, resemblance 
to the Brenner epithelium and the Walthard cell rests maj' coiToborate this 
conception. 


REPORT OF CASE 

A Negro male, 38 years old, was admitted to the hospital with a left-sided hydrocele. A 
diagnosis of filariasis was made. During operation it was decided to perform semicastra- 
tion. 

Microscopic examination of the tissue removed showed the interstitial connective tissue 
of the epididymis to be edematous and infiltrated with small numbers of Ij-mphocytes, 
bistiocj'tes and numerous eosinophilic leukocytes. In some places, granulomatous endo 
and perilj'niphangitis, typical for filariasis, was observed; there was also a large Ijmiph 
vessel, still recognizable by its muscular coat, which contained a granular necrotic mass, 
walled off by palisaded epithelioid cells, Ijunphocytes and eosinophilic leukocytes. In the 
neighborhood of the lymph vessels the eosinophilic leukocytes and hmiphocytes were more 
numerous. The epithelium of the ductuli efferentes and of the ductus epididjunidis was 
normal; in the latter a few mitoses were found. 

Directlj- below the serosal covering of the epididymis, sometimes in direct continuity 
with the mesothelial cells or interrupting the mesothelium and projecting a little into the 
serous cavity formed by the tunica vaginalis propria, there were a few nests and groups of 
epithelial cells of a peculiar tj'pe. The more peripherally located cells were small; they 


* Received for publication, May 24, 1947. 

Fig. 1. Cell nest, continous udth serosa. One small cavitj' contains an ovum-like body. 
X 300. 

Fig. 2. Ca\’it 5 ’' in cell nest lined b 3 ’ cuboidal epithelium. Several nuclei show distinct 
grooving, x 600. 
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contained oval nuclei vrith one or two small nucleoli. Manj' nuclei showed a longitudinal 
grooving. In a large cell nest, a deft, lined bj' low prismatic epithelium, was seen. There 
were also small, rounded cavities lined by more flattened epithelium. In several of these 
cavities rounded eosinophilic bodies, sometimes with a dark-staining inner zone, were 
found. Others contained a granular precipitate which stained dark red with mucicarmine. 
The largest cell nest was surrounded by a thin capsule of dense connective tissue. 

DISCUSSION 

As follows from the description and the photomicrogi-aphs, the cell nests 
showed a strong resemblance to the Walthard cell nests and the epithelium of 
Brenner tumors. "When compared Avith cell gioups of typical Brenner tumors 
obserAmd in this laboratoiy,^ no essential dilTerences could be foimd. Apart 
from the grooved nuclei and the mucicarminophil substance, even the ovum- 
like bodies, first described by Brenner, were present. The localization of the 
cell nests and their continuity with the mcsothelium, although not constituting 
absolute proof, still make a me.sothelial origin of the cel! nests in this case A-erj' 
probable and, therefore, offer some evidence for the mesothelial origin of the 
Walthard cell rests and of the Brenner tumors. Findings as de.scribed here 
should certainly be more frequent when a lai-ger amount of carefully fixed 
material is e.xamined. 


SU-MMARY 

In the epididymis of a 38 year old male, cell nests were found which closely 
resembled Walthard cell rests and Brenner epithelium. The significance of 
this finding is briefly discussed. 
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CLIXIGOPATHOLOGIC CONFERENCE* 

HAEOLD GORDON, AI.D. 

From the Laboratory Service, Nichols Veterans Administration Hospital, 

Louisville, Kentucky 

A 34 year old white man had had no serious illnesses until September 1945.. 
when he was pensioned from the Army for “aneur 3 'sm of the subclavian arteiv'”. 
In February' 1946, he developed increasing lassitude, weakness and backache. 
He received “injections”, but gradually developed an unsteadj^ gait and difficult^' 
in walking. In April, he received three transfusions of whole blood. About 
that time, his abdomen became increasingly distended and he had severe dyspnea 
when placed on his left side. Diuretics did not relieve the distention. From 
Febiuarj' to IMaj', his weight decreased from 155 to 135 pounds. He had no 
other complaints. 

Examination revealed a distressed, pale, poorh* nourished, dj^spneic man . The 
cer\dcal and supracla%'icular Ijunph nodes were enlarged, especiallj' on the left 
side. He had a mass in the left supracla\dcular region. Pulsations adjacent to 
the mass were judged to be transmitted from a normal-sized subclavian arterj'. 
A hard, pea-sized nodule was felt anterior to the trachea, which was displaced to 
the left. Small subcutaneous nodules were palpable in the left lateral cbest 
wall, the epigastrium, the lower left quadrant and in the left thigh. Tlie right 
thorax bulged. Tactile and vocal fremitus were diminished and expansion was 
limited on the right side. Percussion jdelded a flat note on the right, posteriorly, 
at the level of the fourth thoracic vertebra. The apex beat was felt in the fifth 
intercostal space, to the left of the midclaAncular line. The heart was displaced 
to the left. The blood pressure was 140/90, bilaterally. Tlie liver edge was 
palpable 5 fingerbreadths below the right costal margin and was firm and smooth. 
Tlie abdominal veins were prominent and no fluid wave was elicited. 

Course. Between Alaj' 8, the date of admission, and IMay 12, 3200 cc. of turbid 
fluid was vithdraAMi from the right pleural cavity. The fluid clotted spontan- 
eously and contained 2.5 gm. of protein per 100 cc. Following thoracocentesis, 
he breathed more comfortably. On ^lay 10, he had some edema of the ankles. 
On ISIay 14, he coughed up sputum tinged ■uith blood, and on this date, lapsed 
into coma and expired. 

Lahoraiory findings. Eiythrocyte counts, 4,240,000 and 3,900,000 per cu. 
mm.: hb. 12.5 gm. and 11 gm.; leukocyte counts, 8100 and 4420; differential 
counts, 63 segmented neutrophils, 21 stab cells, 1 juvenile, 10 Ijmphocj-tes, 5 
monocjdes and 71 segmented neutrophils, 9 stab cells, 2 eosinophils, 15 lym- 
phocytes, 3 monocjdes; total protein 4.1 gm. per 100 cc. with a ratio of albu- 
min to globulin of 1.56:1; blood nonprotein nitrogen 36 mg. and urea nitrogen 

* Published with permission of the Chief Aledical Director, Department of Medicine 
and Surgerj', Veterans Administration, who assumes no responsibility for the opinions 
expressed or the conclusions drawn b3' the author. Received for publication, Februaiy 27, 
1947; 
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18 mg. per 100 cc.; urinalysis was negative. X-ray films of the chest, on Maj" 
8, showed obliteration of the sliadow of the right lung lyy fluid. A flat plate 
of the abdomen re^^ealed free fluid in the peritoneal cavity. 

CLixicAL inscussiox 

Dr. ./. Murray Kinsman, Louisville, Senior Medical ConsuUanl. “I haA’e some 
questions before I start the discussion. First, did he have any fever?” 

“He had no fever until the last da}', when his temperature reached a peak of 100 
degrees.” 

“Was a Kahn test done?” “Yes. It was negative.” 

“Was the chest fluid examined bacteriologicalh'?” “No organisms were seen 
in direct smears. The fluid was not cultured.” 

“Was the sputum e.xamincd for acid-fast bacilli and for fungi?” “The sputum 
was negative for both, on several occasions.” 

“Were any agglutination tests done?” “Xo.” 

“Were any skin tests done?” “No.” 

Dr. Kinsman. “Gentlemen, the diagnosis concerns itself with two possibilities, 
infection and neoplastic disease. 

“First to be considered is tuberculosis. The .x-raj' film of the chest is negative 
for tuberculosis. He did have fluid in the right pleural cavity, but I believe 
tuberculosis can be nded out from the information at hand, and so can syphilis. 
Tlie other infectious granulomas, e.xcept possibly tularemia, are not likely to 
produce a jsicture like this. Tularemia does cause Ijunphadenopathy. I would 
rule out tularemia, howe\'er, since he did not have fever. Actinom^'cosis, blasto- 
mycosis and coccidioidomycosis may involve the skin. When they do, they pro- 
duce ulcere or sums tracts. He had no evidence of pulmonan' involvement such 
as is common in fatal fungous infections, so I think we can eliminate them. On 
the basis of the information a‘\'ailable, I would i-ule out pyogenic infection. 

“His illness started with enlargement of the lymph nodes, detected while he 
was in the service and apparently misinterpreted as ancurj'sm of the subcla^dan 
arteiy. At least, that diagnosis was not concurred in at this hospital. He also 
had involvement of the pleural cavity. Fluid removed from the chest contained 
2.0 gm. of protein per 100 cc. This value is at the borderline between a transit- 
date and an exudate. Later, an unsteady gait and difficulty in walking indicated 
that the central nervous sj'stem was affected. Therefore, the brain or spinal cord 
must have been involved by metastases of a malignant tumor. The thing that 
puzzles me is the presence of subcutaneous nodules. These nodules must have a 
bearing on the case and, since it is m3' impression that the}' are more common in 
sarcomas than in carcinomas, I am more inclined to favor a diagnosis of a sar- 
coma. Sarcomas often spread widely and may produce h-mphadenopath}' with 
compression and obstruction of blood vessels. Apparently, the retroperitoneal 
and mediastinal l}'mph nodes were involved extensivel}', and presamably the 
periportal nodes were also. He certainly had involvement of the mediastinal 
nodes noth right pleural effusion. 

“Hodgkin’s disease can produce this picture, but I’m not sure, that it eaxises 
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nodules beneath the skin . It usually causes fever at some stage and it produces 
anemia. The spleen is likely to be enlarged, Avhich was apparently not the case 
here. It is difficult to differentiate betvreen Hodgkin^s disease and l 3 Tnphosar- 
coma. I think this man had a malignant neoplasm. I am not sure where it 
started but the hunph nodes seem to have been involved from the beginning. 
His age and the distribution of the lesions favor a diagnosis of a sarcoma. To 
sum it up, I think he had a sarcoma, either Hodgkin’s disease or Ijunphosar- 
coma.” 

Resident. “Would the size of the liver influence jmu in making a diagnosis?” 

Dr. Kinsman . “Hardh*. Enlargement of the liver maj' be due to carcinoma or 
to sarcoma, including leukemia, hunphosarcoma and Hodgkin’s disease.” 

Resident . “Wliat about subleukemic leukemia?” 

Dr. Kinsman. “His illness developed rapidh* and, if he had had leukemia, I 
should expect some of the white cells to be primitive.” 

PATHOLOGIC P.EPOHT AND DISCUSSION 

Pathologic diagnosis. Hodgkin’s disease, “transitional cell” riTie, invohing 
the spleen, liver, pancreas, kidnej's, adrenals, mesenteiy, pleura, pericardium 
and the cenucal, mediastinal and abdominal hunph nodes; bilateral hj'dro thorax; 
ascites. 

Dr. Gordon. “At the outset I confess that we dehberatelj' vitlilield from Dr. 
Kinsman the fact that smears of the fluid removed from the che-st contained 
clumps of ari-pical cells which were interpreted as evidence of Hodgkin’s disease. 
Autopsj' revealed a considerable amount of free fluid in the pleural spaces and 
the peritoneal ca\'ity. The liver weighed 3500 gm. and the spleen weighed 800 
gra. Both were studded with nodular infiltrations, microscopicalh' resembling 
the pleomoi-phic cells seen in Hodgkin’s disease. Similar infiltrations were found 
in the other tissues listed above. 

“Hodgkin’s disease, regardless of whether it is considered infectious or neo- 
plastic, is a disease of the reticulo-endothelial tissues and accordingh' belongs in 
the disease group of the heticulo-endothelioses’. Apparenth", it is not generalh’ 
appreciated that when Aschoff firet coined the term ‘reticulo-endothelium’, he 
had in mind onh' the functional procffidties of wideh* distributed groups of 
phagocjdic cells. The more recent histologic investigations of Maximow, 
Metchnikoff and others justifj' our present concept of a hetieulo-endothelial 
s^^stem^ This, in turn, makes it possible to classify' the diseases of the reticulo- 
endothelial tissues as tmh' sj'stemic h\'perplasia, according to the following 
scheme modified from Hadfield, and Garrcd.”^ 

A. The metabolic reticulo-endothelioses (abnormal lipid storage) 

1. Etiology' unknown 

(a) Cerebroside histiocjdosis (Gaucher’s disease) 

(li) Cholesterol-phosphatide histioc\d:osis (Niemann-Pick disease) 

(c) Cholesterol and/or cholesterol ester histioc\'tcses (c.«scnti:d 
.xanthomatoses) 

1. Skeletal. Hand-Schuller-Christian disease 
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2 . Cutaneous, Xanthelasma 

3 . Visceral 

2. Xanthomatosis secondary to (a) chronic jaundice or (Ij) diabetes 
mellitus 

B. Hemophagocytolytic rcticulo-cndothclioses 

(a) Erythrophagocytotysis with jaundice 

(b) Leukophagocytolysis with leukopenia 

(c) Thrombophagoc 3 '^tolysis uith thrombopenia 

C. The infectious reticulo-endothelioses (sarcoidosis, certain protozoal 

infections, lepros 3 ^ sjTDhilis, tuberculosis, typhoid fever, and others.) 

D. The neoplastic reticulo-endothelioses 

1. Follicular l.ymphoreticulosis of Brill 

2. Medullaiy reticuloses 

(a) Undifferentiated 

(b) Hemic 

1 . Ijeukcmias 

2 . h'fyelomas 

8 . Lj^mphosarcoma 

4 . I^icukosarcoma 

(c) ribro-m 3 ^eioid (Hodgkin’s disease) 

3. Reticular. Reticulo-.sarcoma 
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IMedicatj Practice axd Comaierceie Laboratories Operated by 

Techxicl^xs 

In modem medical practice, the diagnosis is made after complete physical 
examination, reideiv of the patient’s historj- and after earning out such diagnostic 
procedures as roentgenologic examinations, clinical laboiatoiy tests and biopsj'. 
It is, of course, essential that these tests be performed properly and interpreted 
accurately. In larger centers, radiologists and pathologists, who are duly 
qualified medical specialists, normal!}* perform this function. In .smaller com- 
munities, circumstances often require that general practitioners conduct or 
supenise the performance of technical methods and interpret the findings of 
roentgen films and clinical laboratorj* tests. 

The profound importance of accurate diagnosis is quite evident in instances 
of malignant disease. The diagnosis, on biopsy, of a lump in the breast or 
of a painful lesion in the bone as malignant, will usualh* indicate the need for 
amputation of the part in the hope of cure. \Mio is it that renders the diagnosis 
and often gives the adidce upon which the surgical operation is imdertaken? 
The pathologist. Similarly, in clinical laboratoiy work, it is the pathologist who 
is called on to point out the need for performing certain tests, to super\ise their 
proper performance, to interpret the findings and to serwe as consultant regarding 
the further management of the patient. 

In the early dai'S of clinical laboratory and radiologic medicine, it ivas not 
unusual for technicians to set themselves up as practitioner-s in these fields. 
Owing to the shortage of trained medical specialists, these lajmen were accepted 
and supported bi* the profession at large. In the meantime, departments of 
radiology and clinical patholog}’’ ivere becoming established in medical schools, 
and yoimg phi'sicians were being encouraged by the faculties to enter these fields. 

Toda}*, if we are to foster the continued development of such competent 
specialists, we must discourage an}* further development of laboratories operated 
by technicians and seek to control those which have become e.stablished. In 
some parts of the countr}*, such laboratories have now become s}*non}*mous vith 
convenient diagnoses and even with rebates. It is to the credit of the medical 
profession that these practices are exceptional. The signs are clear as to what 
should be done. We should see that all medical laboratories are owned and 
conducted by ph}*sicians trained in clinical patholog}*. We should not lend aid 
to laxmen who are attempting to invade the practice of medicine, but rather, 
we should seek to limit the practice of clinical patholog}* to qualified medical men. 

'VMaen the existing technician-operated laboratories pass from their present 
hands, it is to be hoped that the practice of medicine by technicians will become 
as obsolete as the practice of surgeiy by barber surgeons. It has not been 
so many years since all surgen* was performed by technicians or barbers and since 
such practice was condoned by the medical profession. With the growth of 
medical knowledge, and especially after the development of antisepsis and 
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anesthesia, tlie practice of surgeiy by barbers or technicians was stopped. It 
now seems ap]>ropriate to adopt measui’Cs which will expedite constructive evolu- 
tion in the field of clincial pathology so that the commeieial clinical laboratory 
owned and operated by the technician Avill likewise pass from the scene. 

Sa7i Fiwtcisco L. Hexhy Gahland* 


. The CiiixicAL Pathologist 

The recent past histoiy of medicine is one of brilliant achievement in the 
fields of scientific and technologic advancement, much of which stems directly 
from the efforts of a relatively small group of workers whose activities have 
centered in the experimental and clinical laboratories of the countiy. These 
advances have almost revolutionized the practice of medicine and have led to 
the indoctrination of the profession with the “scientific” method of the study 
of disease with a resultant marked improvement in the over-all general medical 
care of the nation. It is in this small group of workers that the clinical pathol- 
ogists are counted. 

Clinical pathologj" is one of the youngest medical sjieeialties. The earl}^ 
di.sciples of this specialty were concerned with investigation of the scientific 
aspects of disease without immediate regard to practical applications, and there- 
fore were attracted to medical schools and research centers, where the teaching 
and practice of clinical patholog}' became centralized. Thus, the recent progress 
of medicine is inextricabh' related to the development of “clinical” pathology 
in the large sense, and it can be safely said of the future, “As pathologj' goes, 
so goes medicine”. 

One of the present major indications of the direction in which the specialty 
is moving is seen in the tendenej’- tow'ards the develojiment of strong decentral- 
ized units for medical care. It would seem that the period in which the uni- 
versity with its research center and attached teaching hospital provided the 
main radiating influence for good medical care in the community is to be suc- 
ceeded b}' an era of development of more numerous and widely scattered de- 
centralized units whose function will be to supply the same quality of medical 
care for a larger proportion of the popidation. This tendency is alreadj' noted 
from the development of jirivately operated group clinics, from the recenth' 
established experimental diagnostic clinics and from the projected diagnostic 
clinics under Federal administration. The common denominator of all these 
attempts is the provision of better scientific care for a greater proportion of the 
people, and the key.stone of this effoi-t is the application of the methods of the 
clinical laboratory towards the correct diagnosis and treatment of disease. 

The active development of the field of clinical pathology' represents an im- 
portant extension of medical care. The clinical pathologist has at liis disposal 
laboratoiy methods of exactitude with rvhich to determine objectively the 

* Dr. Garland is a practising radiologist and is honorary secretarj* of the California 
Medical Association. 
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variations that occur in disease. He receive-s for diagnosis, as in the biopsj', 
material obtained by special instruments from areas of the boclj' previous^ 
considered inaccessible. He also is able to make important contributions, not 
only in the diagnosis, but .in the therapy of disease. This ser\*ice is well ex- 
emplified in the field of antibiotic therapy, in preseivation of water balance of 
patients in preoperative and postoperative care, in protein nutrition, and in the 
treatment of shock as controlled bj’ laboratoiy methods. He further con- 
tributes to the educational program of his colleagues by collaborating with the 
clinical departments in periodic formal and frequent infoimal chnicopathologic 
conferances for the purpose of discussing the end results of disease and assaying 
the accuracy of diagnostic and therapeutic measures. 

These various phases of laboraton* medicine thus infiltrate the entire medical 
front and establish the function of the chnical pathologist- as one of increasing 
importance in the general medical scheme. It is vital that this contribution be 
equall\" acceptable to the professional, clinical and administrative hospital 
personnel so tliat it maj* receive due emphasis. Furthermore, the individual 
pathologist making such a contribution should have his efforts placed in the 
proper perspective, and should command recognition with respect to both the 
professional and economic aspects of his contribution. The general profession 
and the hospital administrators of the country should realize the potential 
effectiveness of tliis group of medical specialists. Likewise, it is only proper to 
expect that the members of this group be rewarded in fair proportion to their 
usefulness and responsibility, as well as to the magnitude of their contribution 
in the care of the sick. 

Meadov'hrook Hospital, N. Y. 


Theodore J. Cerphey 
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Chemotherapeutic and Other Studies of Typhus. Medical Research Council Special Report, 
Series No. 255. By M. vak i>e.v Exde, C. H. Stuaht-Haiiris, F. Fulton- and J. S. F. 
Ni^n-, with C. H. Andrbwes, A. ]M. Begg, W. J. Elkord, M. II. Gleesok White, 
W. L. H.awley, K. C. Mills, F. Hamilton and C. C. Thomas. 24G pp., 9 plates, 104 
tables. $3.65. London; His hlajcst 3 '’s Stationcr 3 ' Oflicc, 1940. 

This is a report replete with tables and charts describing the greater part of the work 
on ty-phus carried on between the 3 ’cars 1941-1946 1)3' the National Institute of ^Medical 
Research of London and the Ro 3 ’al Arm 3 - Medical College Emergcnc 3 ' Vaccine Laboratory-. 
For reasons of security, publication was withheld until the end of the war. 

The British workers concentrated on chemotherapy and the cultivation of rickettsiae 
in the mouse lung rather than in the egg. They- devised a quantitative test based on the 
number of visible lesions produced in the lungs, using the previously known fact that pul- 
monary- lesions may- be produced in mice by- intranasal instillation of various rickettsiae. 

Altogether 23S drugs or chemicals including 13 compounds of the sulfonamide group, 
were tested by- the “mouse lung lesion count” method. Two of the drugs, p-sulfonamido- 
benzamide hydrochloride (V 147) and p-sulfonamidobenzamidoxine hy-drochloride (V 186), 
offered promise experimentally, but when tested clinically- in patients were found to be 
without therapeutic value. 

Although the large amount of work reported y-ields nothing of positive value in the 
treatment or control of ty-phus, the volume gives an unabridged account of the symptoma- 
tology-, clinical course and pathology of epidemic typhus. In the appendix, 13 case his- 
tories are given in detnil,^ach well illustrated by- temperature, pulse and respiration charts, 
and tables of laboratory- data. Macroscopic and microscopic postmortem results are given 
for 6 fatal cases. 

The chapters dealing with tests for neutralizing antibodies against rickettsiae, com- 
parison of ty-phus vaccines in the laboratory and the antigenic structure of the typhus 
rickettsiae will bo of more interest to research workers in rickettsial diseases than to clinical 
pathologists. The clinical pathologist, however, will find in the pages devoted to serology-, 
blood counts and blood chemistry, valuable practical information on the diagnosis of ty-- 
phus. The bedside slide agglutination test (Proteus 0X19 suspension with methy-lene 
blue dried on a slide) was mentioned favorably and, when strongly positive, indicates a 
titer of 1:200 or greater. 

Baltimore, Maryland C. H. Binford 

Physical Medicine in General Practice. Edited by Arthur L. W.atkins, M.D., Associate 
in Medicine, Harvard Medical School; Chief of Physical IMedicine, Massachusetts Gen- 
eral Hospital, Boston. 341 pp., 15 illus., 3 charts. $5.00. Philadelphia: J. B. Lip- 
jiincott Company-, 1947. 

This timely- compilation is reprinted in attractive book form from Clinics, April, 1946. 
Fourteen authoritative contributors, eminent as teachers and researchers in the rapidly- 
expanding field of physical medicine, have performed a yeoman service in bringing together 
in concise and readable manner the essential facts regarding modern physical medicine. 

As Krusen states in the opening chapter, “Phy-sical medicine is at once the newest and 
the oldest field of medical practice.” Phy-sical medicine evolved from milleniums of mixed 
science and charlatanry- during World War I. Between the two World Wars the field of 
so-called “phy-sical therapy-” rapidly- gained stature and recognition as a long-neglected 
field of medical specialization, thanks to the efforts of such indomitable pioneers as Krusen, 
Coulter, Ivovacs and Bierman. Tlie accomplishments of physical therapists in the Medical 
Corps of the Army and Navy- in rehabilitating wounded and sick soldiers, marines and 
sailors during World War II, and the vision of Bernard Baruch in establishing the Baruch 
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Committee on Physical Medicine have provided the impetus v'hich has brought the field 
of physical medicine to its present deserved position of eminence among medical specialties. 

The instincti%m, empiric belief in the curative merits of heat, for instance, was shared 
by the ancient i^^Iayans, Egj’ptians, Romans and Greeks. The chapters by Kendell on 
Fever Therap 3 ', 63 * Bennett on Poliom 3 *elitis, b 3 ' Kuhns and Emapp on Orthopedic Disa- 
bilities, and b 3 ' Kpvacs on Medical Conditions, among others, provide the scientific bases 
for such empiricism. 

This book will be welcomed b 3 ' general practitioners, for whom it was primarih' intended, 
but the ph 3 'siatrist, orthopedist, internist, neurologist, pathologist, ps 3 *chiatrist, derma- 
tologist, industrial ph 3 -sician and the Arm\* or Savy Medical Ofiicer can ill afford not to 
have immediate access to it as a desk reference book. 

Daylon,OMo W.vlteeM. Simpson 

La Reiiculose Hisliomonocylaire. B3' P. C.vz.a.1., Chef de Clinique de Montpellier. 196 
pp., 32 fi^., paper. 3.50 francs. Paris: Masson et Cie, 1946. 

The author introduced the term“histiomonoc 3 *tic reticulosis” in his previous monograph 
dealing with di.seases of the reticulo-endqthelial S 3 'stem published in 1942. He defines it 
as a “disease characterized by metaplastic and S 3 'stemic proliferation of reticulum cells 
and histioc 3 'tes which ma 3 ' remain localized or ma 3 ' pass into the blood under the form of 
more or less tAqilcal monoc 3 'te 5 ”. The present monograph is divided into four parts. The 
first deals with the historical aspects and includes the contributions of foreign workers 
with some American contributions. The second part describes various localizations of 
the disease. The changes in the blood picture are described as one of the possible localiza- 
tions of histiomonoe 5 i;ic reticulosis and the 3 ' are quite variable. In about 35 per cent of 
cases leukopenia was present. About two-thirds of cases showed a moderate monoc 3 'tosis 
(10 to 30 per cent). The third part of the book consists of a general discussion of clinical 
signs, pathologic anatom 3 '- (including a detailed description of various cells) etiolog>*, 
pathogenesis and briefly*, treatment. 

Cazal distinguishes the following main clinical forms: (1) acute reticulosis of infants 
(Abt-Letterer-Siwe’s disease); ( 2 ) acute, nonleukemic reticulosis of older children and 
adults; (3) subacute hepatosplenic form, with or without glandular involvement; (4) sub- 
acute or chronic glandular form (pseudo-Hodgkin’s type); (5) primary* cutaneous form, 
chronic; and ( 6 ) acute monocytic leukemia. The last chapter deals with a nosologic discus- 
sion. Of the three t 3 *pes of monocytic leukemia, the author rightly* includes only the Schil- 
ling ty'pe as belonging to the scope of histiomonocytic reticulosis rejecting the so-called 
monocytic leukemia, ty'pe Kaegeli, and ty'pe ■Marchal. The relation of histiomonocytic 
reticulosis to the leukemias, erythroblastosis, agranulocytosis, granulomatoses (Hodgkin’s 
disease, mycosis fungoides, eosinophilic granuloma), Still’s disease, lipid reticulo-endo- 
thelioses and neoplastic diseases of the reticulo-endothelial system is discussed in some 
detail. Histiomonocy*tic reticulosis constitutes a definite nosologic entity. A valuable 
feature of this monograph is the fifty' page bibliography' comprising abstracts with case 
summaries of 272 publications from the world's literature. 

The general appearance of the book may' not particularly appeal to the .American reader 
and many of the black and white illustrations are of rather mediocre quality*. In spite of 
these and a few other minor criticisms, this monograph constitutes a valuable addition to 
the literature on diseases of the reticulo-endothelial sy'stem. 

Terre Haute, Indiana Leon L. Blcm 

Allcryy in Theory and Practice. By Robert A. Cooke, M.D., Sc.D., F..A.C.P., Attending 
Physician and Director of the Department of Allergy*, Roosevelt Ho.spital, New York 
City*. .572 pp., 43 figs. SS.OO. Philadelphia: W. B. Saunders Company, 1947. 

Dr. Cooke has written what is probably- the most complete book on allergy available 
today. It assumes nothing and e.vplains everything in terms that are fundamental. 
Here is not an expounding of complicated theory but rather a taking-stock of known basic 
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knowledge in allergy. The contributors are well chosen and include those who are them- 
selves expert in the various fields of allergy. They discuss their special spheres simply and 
always with a view to practicality. It is particularly satisfying to the practicing physician 
to find in this book not onlj' the theoretical bases of allergic reactions, but specific instruc- 
tion on how to treat and when not to treat. The section on technic is outstanding in its 
thoroughness. 

In general, the book is divided into sections on fundamentals: allerg}' of the bronchi, 
allergy of the upper respiratory tract, alierg}' of the skin, allergy of the nervous system, 
allergj' of the cardiovascular system, allergy in relation to other specialties, allergens in 
relation to diseases of allergy and, finally, the section on technics. 

Of special interest to the pathologist is the chapter on pathologic-anatomic aspects of 
allergy by Dr. Paul Klemperer. Dr. Klemperer inake.s it clear that allergy from the stand- 
point of the pathologist cannot be diagnosed from the analomic-histologie evidence alone. 
His discussions of anaphylaxis, bronchial asthma, scrum .sickness, periarteritis nodosa, 
rheumatic fever and glomerulonephritis arc written with understandable restraint, but 
leave little doubt as to the allergic bases of tbc pathologic lesions produced- His restraint 
in discussing the allergic backgrounds of these controversial cniilics is even better ap- 
preciated when he states: “It seems to me that pathologic anatomy must be extremely 
cautious in the evaluation of tissue lesions in reference to etiology. The pathologist must 
be exact in his investigations and first establi.sh all the facts which the microscope can 
reveal. He must try to correlate these facts with tlie facts established by the clinician. 

. . . Allergy is a dynamic process which provokes certain tissue cliangcs, which in themselves 
are not characteristic. To try to prove existence of a dynamic ])rocess from purely mor- 
phologic observations must lead to sterile sjieeulation.’' 

Detroit Mark Dale 

Essentials of Etidocriiioloyy. Ed. 2. Bj' AiiTncii Gnou-MA.vx, Ph.D.. M.D.. F.A.C.P., 

Professor of Medicine and Chairman of the Department of Experimental Medicine, The 

Soutliweslern I^Icdical College, Attending Phj’sician and Consultant in Endocrinology, 

Tlic Parkland Hos])itul, Dallas, Tc.xas. 044 pp., 132 illus. SIO.OO. Philadelphia: 

J. B. Lippincott Company, 1947. 

In the second edition of Dr. Grollman’s book on endocrinology, ho states: “.-Vs in the 
earlier edition, an attempt has been made to develop tin; subject on the basis of its scientific, 
background rather than on purely clinical concepts.” This approach loaves something to 
be desired bj' students and physicians who are looking for clcar-ciU clinical pictures of the 
endocrine diseases. The author, however, docs provide the reader with the physiologic 
background of glandular diseases and thus enables Ifim to understand the pathologic 
ph 3 'sioJogy. 

References follow each chapter. About two pages are devoted to the antitbyroidal 
agents. Tables that will be useful to both student and practitioner are to be found on the 
front and back linings of the book. These are entitled: “Some Commercially Available 
Endocrine Products and Their Standardization”. The term “thyroid extract” instead of 
“thyroid substance” is erroneously used throughout the book. “Thyroxine” is misspelled 
on the front lining. There arc 132 illustrations in the second edition, as compared to 72 
in tlio first, and most of them are concerned with pathologic changes. 

Endocrinology is a difficult subject to cover in any book and like all works on tliis subject 
the personal opinion of the writer colors the viewpoint and, naturslly, exceptions may be 
taken. The book can bo recommended to furnish the essentials in the study of the cn- 
docrinos, as the title signifies, 

Detroit Rorert C. iMoEHi.io 



OBITUARIES 
George THOiLA.s Caldwtele 

George Thomas Caldwell, of Dallas, Texas, died January 20, 1947. He was 
born in Kennard, Ohio, in 1882, was graduated from the Rush Aledical College 
in 1919, and was formerly associated with the department of pathologj* at Rush 
and at Baylor iMedical College. Dr. Caldwell was consulting pathologist at 
Bradford Memoiial Hospital for Babies, Parkland Hospital and Te.xas Scottish 
Rite Hospital for Crippled Children, Surgeon (R) in the United States Public 
Health Sendee and professor and chahman of the department of pathology* at 
Southwestern ^Medical College. He was certified in clinical pathology* and in 
pathologic anatomy by the American Board of Pathology and was a member 
of the American Society of Clinical Pathologists from 1927, of the Texas SocieH* 
of Pathologists and of the American Association of Pathologists and Bacteriolo- 
gists. 

]NLaerice .Tohx Coeeet 

Alaui’ice John Couret died in l^ew Orleans on Febmar}' 4, 1947, where he was 
director of laboratories at the Hotel Dieu. He v.-as bora in New Orleans in 1874. 
Obtaining his medical degi-ee from Tulane University in 1896, Dr. Couret 
interned at Ciiarity Hospital in Xew Orleans, did postgraduate work in pathol- 
ogj' at Haiward University and studied at the University of Berlin and tlie Pas- 
teur Institute of Paris. He was formerly pathologist at the Illinois Central 
Hospital, director of laboratories at Charity Hospital and assistant professor 
of patholog}' at Tulane. During the first World War, he served in Italy as 
pathologi.st of Base Hospital 102, with the rank of Major. A bronze plaque 
was recently unveiled in the Hotel Dieu laboraton* to commemorate his work 
in that institution. His original work included studies on E. Imtohjtico, hog 
cholera, Balanlidium c-oU and rabies. Dr. Couret joined the .American Society 
of Clinical Pathologists in 1938, was a past president of the Louisiana Association 
of Pathologists and a diplomate of the American Board of Pathology*. 

Cornelius Albertus Hospeus 

Cornelius Albertus Hospers, of Chicago, died Februaiy 20, 1947, of coronaiy 
thrombosis at the age of 42. Dr. Hospers received his medical degiee from the 
School of IMedicine of the Division of the Biological Sciences of the University 
of Chicago in 1932. He interned at the Univeraity of Chicago Clinics and was 
on the staffs of the Holy Cross and South Chicago Community Hospitals. 
During World War II, Dr. Hospers sen'ed as a lieutenant colonel in the medical 
corps. He was certified by the American Board of Pathologj’, was a member 
of the American Association of Pathologists and Bacteriologists and, since 1938, 
a member of the American Societj- of Clinical Pathologi.sts. 
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Tub College of Americax Pathologists 

The first regional scientific meeting of the College of American Pathologists was held in 
Indianapolis, April 7, 1947, at the Indiana Medical Center in conjunction with the State 
Pathologic Society. The auditorium was filled to capacity by more than 12.5 pathologists 
from six states and the faculty, house staff and undergraduate students. Nine papers 
which were devoted to problems of hematologj* were read. The speakers were: Lawrence 
Berman, M.D., Detroit; Lewis R. Limarzi, M.D., Chicago; Steven O. Schwartz, M.D., 
Chicago; W. W. Zuelzer, M.D., Detroit; E. A. Sharp, M.D., Detroit; .John W. Rebuck, 
M.D., Detroit; B. K. Wiseman, M.D., Columbus, Ohio; I. Davidsohn, M.D., Chicago; and 
Edith L. Potter, M.D., Chicago. 

Dr. Frank W. Hartman presided at the meeting and at the dinner which followed. After 
dinner informal talks about the work of the College and plans for its development were 
made by Dr. Hartman, Dr. A. S. Giordano, Dr. Lall G. Montgomery, Dr. S. E. Gould and 
Dr. M. G. Westmoreland, e.xecutive secretary of the College. 

Officers of the College arc: Dr. Frank W. Hartman, Henry Ford Hospital, Detroit, 
president; Dr. Granville A. Bennett, Universitj' of Illinois, Chicago, vice-president; and 
Dr. Tracy B. Mallory, Massachusetts General Hospital, Boston, secretarj'-trcasurcr. 

"Credo” of the Michig-an* Pathological Societt 

The following “credo” was adopted by the Michigan Pathological Society at its meeting 
in Saginaw on May 31, 1947. This is to serve as a guide in planning future activities in 
connection with the practice of pathology in Michigan. 

1. We believe that all practice of clinical pathologj' and anatomical pathologj- should be 
conducted by and under the direction of a recognized pathologist. A recognized pa- 
thologist shall be one who is certified by the American Board of Pathologj’ or one who has 
the basic training required for certification. 

2. We believe that the state laws and regulations should be revised to recognize that the 
practice of clinical pathology and anatomical pathologj' is a branch of the practice of med- 
icine. 

3. We believe that the operation of a clinical or pathological laboratorj' should be con- 
sidered as the “practice of medicine” and as such should be subjected to the provisions of 
the basic law known as the iHedical Practice .Act. 

4. We believe that state agencies (meaning governmental agencies at all levels) that 
provide free laboratorj' service should confine their work to indigents, and to that immedi- 
ately necessarj' and incident to the control of communicable diseases. 

5. We believe that pathologists should limit their practice of pathologj' to hospital 
laboratories and/or laboratories personallj' owned bj' pathologists. Some exceptions might 
be made in the case of group medical practice provided the pathologist shares in ownership 
as do other members of the group. 

6. We believe that the public health laboratorj' law under which laboratories are now 
registered in the State of jMichigan should be revised so that onlj' laboratories under the 
direction of a pathologist may be eligible for registration and that the supervision bj' the 
State should be under the auspices of the State Board of Registration in Medicine. 

7. We believe that the IMichigan Pathological Socictj' should make its opinion know'n to 
the Council of the Michigan State Medic.al Socictj' regarding the appointment of anj' Com- 
missioner of Health. 

S. We believe that at least one of the members of the State Council of Health should be 
appointed from the membership of the Michigan Pathological Societj' on recommendation 
of the Society. 
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9. We believe that the^Iichigaii Pathological Society should set up its ottui standards of 
checking clinical laboratories and lend its assistance through advice and cooperation to the 
properly constituted legal authorities. 

10. We believe that clinical laboratories should not be operated in hosjntals or govern- 
mental institutions for other than regular hospital or clinic patients unless the net income 
so derived reverts to the pathologist of that hospital or institution. 

11. We believe that the renewal certifications for a registered Medical Technologist 
shouhl be endorsed by the iiathnlogist under whose supervision she (or he) is working or if 
she for hot is employed by someone other than a pathologist, that it should be endorsed by 
the State Councilor of the .\merican Society of Clinical Pathologists. The supervising 
pathologist or the C'ouncilor. as the case may be, shall determine, before endorsement, that 
the applicant has been complying with the code of ethics of the Registry of Medical Tech- 
nologists of the .-\incrican f'oeiety of C’linical Pathologists. 

12. We recommend that all pathologists and pathological societies work and strive for 
the accompli.shment of these beliefs. 

Dr. Sf.VUERM.tX .VeCEt’TS POSITIO.V AT Te.MI’LE 

Dr. F. William Sunderman. associate professor of research medicine at the Fniversity of 
Pennsylvania School of Medicine, has been appointed to the staff of the Temple Fniversity 
Scho<»l of Medicine and the Temple Fniversitj- lIos])ital, according to an announcement by 
Dr. William X. Parkinson, dean. Beginning .July 1. Dr. Sunderman will become director 
of the Temple Fniversity Laboratory of Clinical Medicine and professor of clinical jia- 
thologj’. 

Dr. Sundennan took his undergraduate work at Gettysburg College and received his 
medical degree at Pennsylvania in 192-3. He ha.s been a member of the medical faculty at 
Pennsvlvania since 192.5. During the war, he devoted considerable time to the atomic bomb 
project. The Xavy Department cited him one year ago for exceptional service in research 
and development of RDX, picric acid and DIXA. He served as medical director of the 
Explosive Research Laboratorx', a divi.sion of the Xational Defense Research Commission. 

Dr. Sunderman is a governor of the College of .\merican Pathologists, a member of the 
.American Board of Pathology, secretary of the College of Physicians of Philadelphia and a 
member of the editorial board of the American .Journal of Clinical Pathologj'. 

Medico-Leg.vl Coxterexce .VXD Semix.vr 

The Departments of Legal Medicine of the medical schools of Har\-ard. Tuft.s and 
Boston L'niversity in association with the Mas.sachusctts Medico-Legal Society will 
pre.sent. from October 13-18. 1947, a six-day program of lectures, conferences and demon- 
strations on the investigation of deaths in the interests of public safety. .Vttendance 
will be limited to 25 jjnrsons who have registered in advance. 

Further information may bo obtained from the Department of Legal Medicine, 25 Shat- 
tuck Street. Boston. Massachusetts. 
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Reyiet\* of the Litekatuee ant> Report of the Sixth Autopsied 
Case with CHEiHCAL Stedies"^’ 

REUBEN STRAUS, M.D., RELT3EN MERLISS, 2VI.D., axd RAY:\I0ND REISER, Ph.D. 

From the Departments of Pathology and Medicine of the Cedars of Lebanon Hospital, Los 

Angeles, California 

Within the past t\vent3*-fire 3'ears there has been recognized and accepted as 
a specific entit3' a characteristic gi'Otesque malformation of the bod3" believed 
to be associated with a lipoid d5'stroph3' varioush' referred to as garg03’lism, lipo- 
chondrod3’splasia, Hurler’s s3'ndroraej osteochondrod3'stroph3' and d3'sostosis 
multiplex. The disease is relativel3' uncommon, onW about 65 cases having been 
reported to date, and of these cases onh' five have come to autopsy*. Although 
some doubt ma3' e.xist regarding the diagnosis in some of the cases not autopsied, 
in all probabilitA* there have been many cases which have passed unrecognized, 
unreported, or have been improperh* classified. 

RE-VHEW OF THE LITERATURE 

As far back as 1 S 56 , a number of S3'ndromes have been described, characterized 
bi' ph3'sical abnormalities in specific portions of the bod3' which tended to sep- 
arate them into distinct categories. Hunter,-^ in 1917 , was the first to de.scribe a 
condition in two brothers, aged 8 and 10 3'ears, with certain generalized abnonnal- 
ities which caused liim to differentiate their condition from the other related con- 
ditions. Probabh' chiefl3' because Hxmter’s contribution was overlooked, Hur- 
ler,-® who reported two additional cases in 1919 , is most frequentl3* credited with 
being the first to recognize this condition as a specific entit3^ Comparison of 
the various cases subsequent^ reported as garg03dism re-^’eals man3' that are 
strikingh' dissimilar, but when the composite picture of the S 3 Tidrorae is compared 
with an indiAudual case, the overlapping features make the relationhip readil3' 
apparent. 

The disease affects individuals of either sex and is about 35 per cent more 
frequent in males than in females. Athough the plresical and dei'elopmental 
abnonnalities are usualh’ first noted in earW childhood, the3^ can be projected 
occasionalh' into the period of infanc3% These persons usuall3‘ die before the 
twentieth 3'ear from intercurrent infection or from cardiac failure complicating 
the thoracic deformities. A total of 31 cases (48 per cent) has been reported 
in twins and siblings.®- 15.21,23.25,43,46 gy majorit3' of cases has 

occurred in the Caucasian race, onl3' one being recorded in a Negro, ^ and one in 
a Mongolian.^® Consanguinitx' of the parents apparenth* is not significant since 
it was described on onh' four occasions.'*’ Because of its high familial in- 

♦ This study was supported b\' a grant established bv' Mr. Uarrj- Leveson of Los .-tngeles. 
Received for publication, June 16, 1947. 
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cidence, its occurrence in infants and children and its developmental abnormal- 
ities, the disease is universall}^ regarded as congenital. 

The different manifestations of the s^mdrome, culled from the previousb^ re- 
ported cases, are characterized as follows. 

These patients are usually shorter than average, some being pi-onounced 
dwarfs. Their features are coarse and ugly. This and the generalized phj-sical 
deformities foiTn the basis for their being referred to as “grotesque”, and e.xplains 
the adoption of the descriptive term “gargo3'lism”. The sh'n is usuall}' described 
as diy and coarse and occasionallj’’ as lax.'* - ■'® 

The head is constanth' large, frequent^’- classified as scaphocephalic, acroce- 
phalic, braclycephalic and o.xj'cephalic with large supraorbital ridges. The ears 
are frequenth' large, relatiA'el3’’ low in position, and retracted against the head. 
Deafness has been infi'equenth' mentioned. The root of the nose is often de- 
pi’essed, the nares broad and tilted anterior^'. The lips are usualh' thick, the 
tongue large and the palate often highl3' arched. Tlie teeth are poorl3’ foimed 
and wideh' spaced. The mandible is broad and heav3'. 

The ocular changes are considered highl3' significant. The interorbital distance 
is wider than average and occasional^ there ma3' be a mild internal strabismus. 
A veiy important but not constant feature 3 ?. js a diffuse or spott3' cloudi- 
ness of the cornea which ma3' interfere with vision. Tliis has been variousb^ 
attributed to a corneal d3'-strop}y’^' and to a lipoid infiltration." - 

The necl' is short and the hunching of the shoulders adds to the appearance of 
the head resting directl3' on the torso. The thorax is large and appears fixed in a 
position of deej) inspiration. A pronounced dorso-lumbar k3'phosis is described 
as a characteristic but not constant feature of the s3'ndrome.’“' 

iO, 50 

The abdomen is usualh’ large and protuberant. Umbilical and inguinal hernias 
are frequentl3’ present. An enlargement of the liver and spleen is often present 
but this has not been constant.'’- "■ 3 » 

With but one exception,’-' the most frequent abnormalit3’ is the fle.\ion de- 
formity of the extremities. This is characterized b3’ a pronounced limitation of 
extension, but no interfei-ence Avith further flexion of the involved joints and is 
most frequent in the fingers. The larger joints such as the elbows, shoulders, 
hips and knees are also often involved. Coxae valga, genua valga, talipes equino- 
varus, pes planus and pes cavus are also not infrequent^’ mentioned. The ex- 
tremities have been described at times as appearing shorter than usual. 

Bony changes. Roentgenographic examinations reveal widening of the suture 
fines, a large anterior fontanelle and occasional bon3’ ridges. Stressed as im- 
portant but not found in all cases is the presence of an enlarged sella 

turcica. The k3’phosis, when present, is caused b3’ an angulated vertebral bod3’. 
Other vertebral bodies are delicate and narrow especial^’ in the cendcal region. 
Tliis narrowing results in a shortening of the spine which contributes to the 
dwarfism. 

The ribs usuall3’ are fixed in a horizontal position and the distal portions show 
var3'ing degrees of broadening. The clavicles are often massiA’e and hea^y. The 
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scapulas are frequently revealed in an elevated position. The long bones and 
phalanges are not infrequently described as somewhat shorter and broader than 
usual, T\uth delayed centers of epiph3’seal ossification in some. 

These bone changes are bj" no means constant since cases with no significant 
bone abnormality on roentgen e.xamination have been described.^’- ’’ 

Inlelligence. Most of the patients are reported as being mentallj' defective in 
variable degree. A few, however, are said to have had normal intelligence and 
an occasional patient, intelligence gi-eater than normal.^ - 

Blood chemical studies have shown no constant or significant deviation from 
normal. In a few the blood cholesterol values were slightlv' to moderateh' ele- 
vated.'-35.39.’2 

To date onh' five cases have come to autopsj*.^ , 34 . 41 , 4 s sixth case was men- 
tioned b}' Washington^- but no detailed report of it could be found in the litera- 
ture. Four of the reported cases concerned males, and one a female. Their ages 
were as follows; 3 , 65, 7 , 8 k and 19 j-ears. 

With the exception of Ehessler’s and Aegerter’s case,^’ and with a few minor 
exceptions in some other cases, the thoracic and abdominal viscera and the en- 
docrine glands presented little significant abnonnalit}'. The first of the two cases 
reported bj' Ashbj* and associates^ presented a thyroid gland of the “foetal tj-pe” 
microscopicalh', and in the other case, the thjToid gland showed “moderate in- 
terstitial fibrosis”. The pituitarj’ body of the former case was also “slighth* 
hj'pei'plastic”. In Ileill3'’s case,"^ the thyroid gland showed “slight interstitial 
fibrosis and In-perplasia”. This case also presented focal necrosis of the anterior 
lobe of the pituitary' gland. The spleen, but not the liver, was moderatel.v en- 
larged; histologicall\', it was not remarkable. In another patient,’'- who did 
not come to autops}*, but who imderwent laparotomy", an enlarged liver and 
spleen were formd and biopsies of tissue from these organs also revealed no e^^- 
dence of lipoidosis. 

The case reported bj" Kressler and Aegerter^ was the onh' one which presented 
striking visceral changes, many- of which were similar to those seen in our patient. 
The liver and spleen were moderately- enlarged. Histologically-, the liver pre- 
sented considerable vacuolation of the parenchy-matous cells which resembled a 
severe fat phanerosis. A small number of vacuolated cells were seen in the spleen . 
Large vacuolated endothelial cells were described in the lungs. iMany- of the 
lymph nodes were enlarged and prominent nests of vacuolated cells replaced large 
areas of the pulp. Scattered vacuolated cells were described in the thy-mus, tes- 
ticle, thyToid gland and pituitary^ gland. In places, the my-ocardial fibers were 
vacuolated. In the hematoxy-lin and eosin stained sections, the alteration of the 
tissues resembled a lipoid infiltration but the areas failed to stain with the usual 
fat stains. No anisotropic bodies were seen with polarized fight. Because of the 
failure to demonstrate the presence of a lipid vith the usual methods, the in- 
filtrating substance was believed to be a “conjugated lipoid”. 

Bone was e.xamined microscopically- in only- one^' of these five cases and it re- 
vealed no histologic abnormality-. Washington,” quoting from his own unpub- 
lished case, presented histologic evidence of arrest of bone development at an 
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osteochondral junction. References to histologic examination of the bones of one 
of Hurler’s cases by Pfaundler could not be verified by a search of the literature 
and also could not be found bj'- Binswanger and Ullrich 

Attention in all cases was centered chiefly on the hrain. The first of Hurler’s 
original cases was later described by Tuthill.^® This, unfortunately, was compli- 
cated by the presence of cerebral and meningeal tuberculosis and a moderate 
hydrocephalus. The weight of this brain was not recorded. Of the other pa- 
tients, three had brains that were heav 3 '^; one, a 3 3 ’-ear old, had a brain Aveighing 
1077 gm.; another, an 8| 3 "ear old, had a brain weighing 1200 gm.; and the third, 
a G| 3 "ear old, had a brain weighing 1700 gm. A fourth patient, 19 3 ’-ears of age, 
had a brain weighing 1043 gm. 

With the exception of one case,'*' the histologic examination of the brains was 
especiall 3 " stressed. There was a “ballooning” of the large ganglion cells of the 
cerebral cortex, basal ganglia, cerebellum, pons and medulla oblongata. This 
was most pronounced in the basal ganglia and in the olivar 3 ’- bodies. In these 
cells there was a striking accumulation of a granular brown pigment vith an ec- 
centric displacement of the nucleus. Some of the cells presented degenerative 
changes such as p 3 ^knosis, kaiyoB'sis and loss of Nissl substance. 

In the c3iioplasm of these ganglion cells, a relativel3" large amount of lipoidal 
substance was demonstrable Avith the usual histochemical fat stains, chiefly Su- 
dan III and R’’. Ashb3^ et al} demonstrated that this material Avas soluble in 
some, but not all, of the usual fat soh’-ents. In three cases,’’ the tissue Avas 
examined Avith polarized light and in onl 3 ’’ one instance’ AA-ere anisotropic granules 
found. In tAvo of the cases’’ a small amount of lipoid material AA-as noted in 
the neuroglia of the AA-l;ite matter and in the adventitia of some of the small blood 
A’-essels. Tuthilb® also described focal areas of dem3’’elinization but this was not 
seen in the other cases. 

Because of the intracellular lipoidosis in the brain of these patients and the 
coexistent mental impairment a similarit3’’ was draAA'n betAveen gargo3’’lism and 
the primar3^ idiopathic lipoid d3"scrasias, chiefl3’’, Niemann-Pick’s disease. It Avas 
belieA’^ed that if the character of the infiltrating lipoid could be determined and 
proA’-ed to be a cerebroside, sphingom3mlin or cholesterol, the relationship to one 
of the lipoid d3’’scrasias could be established. Gross chemical examination of the 
brain was attempted in onl3' one case.’ (We exclude the case reported b3' JerA'is®” 
and quoted b3^ others, because of the absence of certain essential featm’es of 
garg03dism; b3’' careful differential diagnosis the author also concluded it aa'RS an 
entity separate from gargo3dism .) Except for a moderate decrease of cerebrosides 
in the cortex of the brain, no other abnormalit3’- Avas found. This AA'ill be dis- 
cussed further in comparison Avith our oaa’u anaB’sis. 

REPORT OF CASE 

Clinical History 

The patient, A. C., a 29 3"ear old white, unmarried male, of JeAAish parentage, 
AA'as admitted to Cedars of Lebanon Hospital AA-ith the proAUsional diagnosis of 
atypical pneumonia and multiple unexplained deformities. The ph3"sical exami- 
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nation, x-ra}" findings and clinical course confinned the impi-ession of \drus pneu- 
monia. Immediate treatment Avas directed toward the pneumonia, recovery 
from which occuired in about ten days. 

Attention was then concentrated on an explanation for the phj’sical deformities. 
The patient was the oldest of three brothers. The brothers were living, in good 
health and had well-proportioned, handsome features (Fig. 3). The mother, aged 
47 5 'ears, was li\nng and Avell. The father, a musician, committed suicide in a 
fit of depression at the age of 40 years. There was no histoiy of consanguinity 
or of relatiA'es with physical deformities on either the maternal or paternal side 
of the famil 3 ^ One paternal aunt was knovTi to have periods of insanit 3 ^ 

The patient was bom about two or three weeks after the e.xpected date and 
deliver3' was instmmental. He weighed ten and one-half poimds at birth and 
appeared entireU’’ normal. At the age of 3 months, he had a comnilsion for no 
obvious cause. There was an episode of fever and diarrhea at the age of 1 3'ear. 
At the age of 4 3'ears, he had an attack of Avhooping cough, and at 8 3'ears of age, 
an attack of measles. When about 9 3’’ears old, he had an attack of acute phar- 
ATigitis for which he Avas giA'en diphtheria antitoxin, and foIloAAdng AA'hich he de- 
A'eloped s3Tnptoms of serum sickness. In all other respects the patient had been 
in good health (Fig. 1). 

Soon after the last-mentioned illness the mother noticed that the child had 
developed a peculiar gait and a tendencA* to walk on his toes AAith his feet turned 
out, legs far apart, and the left leg lagging. This abnormalit3' appeared to haA'e 
developed gradualh*. A plysician A\-as consulted AA'ho made a diagnosis of old 
polionn'elitis AAith bilateral pes caAns, more seA'ere on the left side. At that time 
it was noted that neither foot could be flexed aboA*e a right angle. At the age 
of 11 A'eare the patient AA'as operated on; the plantar fascia of each foot AA-as in- 
cised, the Achilles tendon lengthened, and the tendon of the flexor hallucis longus 
sutured to the first metacarpal bone. At the time of this operation rout.ne phA'si- 
cal examination reA'ealed no other further abnormalitA'. The operation^ failed to 
result in improA'ement. 

The child continued at school and AA’as able to AA’alk, but A\ith some diff:cult3'. 
He required special shoes to fit his defoimed feet (Fig. 2). 

At the age of 12 , he became aAvare that he AA’as unable fulh’ to extend the four 
fingers of each hand. Although he could flex his fingers at will, the3* graduall3- 
underAA’ent a fle.xion contracture of a seA^ere degree AA’ith inabilitA’ at extension. 
The thumbs AA’ere uninA'olved. A 3’ear later the child firat noted inabilitA' to fulh' 
adduct the thighs although further abduction could be perfoi-med. An abduction 
deformity also graduall3' dcA'eloped to a seA'ere degree. At about this time in- 
.abilit 3 ' to completeh' extend the elboAA’ and knee joints became apparent. 

Gradualh' over a period of 3'ears a definite change deA'eloped in his entire bod3' 
structure. His head became disproportionateh' large and the forehead more 
prominent. He lost the abilit3' to eleA'ate his e3'es aboA'e the horizontal but there 
was no interference AA'ith A-ision. His shoulders became hunched, his back rigid, 
and his abdomen protuberant. 

His grotesque appearance finalh' forced him to leaA'e high school, where he 
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had been an outstanding student. He became sensitive about his appearance, 
avoiding visitors and doctors. 

At the age of 18 he developed an acute suppurative appendicitis ivith perfora- 
tion of the appendix and peritonitis. The appendix Avas removed and abdominal 
drainage was instituted. This was followed b}' a large incisional hernia which 
necessitated repair one 3 "ear later. 

When the patient was about 24 3 ’'ears of age, it was noted that his chest ap- 
peared enlarged and that his finger tips were clubbed. His abdomen was dis- 
tinctl 3 ’' more protuberant and the incisional hernia redeveloped. He then 
complained of pain in the back. Owing to the contracture of his extremities 
he found it increasingl 3 - difficult to walk and finalh" Avas forced to use both hands 
and knees for locomotion. This resulted in large calluses of the fingers and 
knuckles (Fig. 6). 

About one 3mar before his admission to this hospital, he began to haAm d3'spnea 
on exertion and shortl3’’ thereafter c3mnosis of the lips and finger tips. Soon after 
this there deA^eloped edema, first of the scrotum and then of the loAver extiemities. 
The A’-eins of the abdomen became A'eiy prominent. 

Through all this the patient AA'as an intelligent and A'oracious reader, interested 
in Avorld affairs and an intense lover of music. He pla3'ed chess and gained 
recognition, locall3’’, as an outstanding pla3'er. Although deformed, he strong^ 
desired to liA^e. 

Physical Examination 

The head of the patient appeared relativel3'- large, and the face broad. The 
frontal bones and supraorbital ridges AA'ere veiy prominent. Tlie scalp was 
throAA’n into longitudinal folds, the hair Avas relativel 3 ’ coarse and the skin of the 
face was of coarse texture (Fig. 5 ). The eyes Avere AA'ide-set and there Avas ina- 
bilit3’' to raise them above the horizontal level. The corneas AA-ere clear, con- 
A'^ergence AA’as poor, vision AA'as normal and the fundi shoAA-ed normal discs and 
retinas. Slit lamp examination of the corneas reA’ealed no opacities. The ears 
were Ioav in position and retracted against the skull. There AA'as no deafness. 
The lips appeared thick and prominent. The teeth Avere spaced far apart. The 
tongue appeared broad but not thickened and the palate had a high arch. 

The Amins of the neck AA'ere quite dilated and prominent, but no pulsations 
were present. The neck AA'as short and corapleteW rigid. The head seemed to 
rest directW on the shoulders. Tlie th3’roid gland and the cerA’ical hmph nodes 
were not palpable. 

The chesl appeared to be fi.xed in deep inspii’ation. The shoulders AA'ere 
hunched. Breathing AA'as entirel 3 ’' abdominal and the subcostal angle Avas AA'ide. 
The diaphragm AA’as eleA’ated on both sides. The heart AA'as of aA’crage size, the 
rate AA-as normal, the rh3’thm regular, and no murmurs AA'ere heard. The blood 
pressure AA’as 125/75 mm. Hg. 

The abdomen AA’as large and distended, AA’ith bulging in both flanks. There 
AA’as pitting edema of the anterior and lateral aspects of the abdomen. Numer- 
ous large A’eins Avere present. The loAA’er edge of the liA’er AA’as palpable 8 cm. be- 
loAV the right costal margin in the midclavicular line. The spleen AA-as jJalpable 
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at the costal margin. There was a slight umbihcal hernia and a large, bulging, 
incisional hernia. A fluid wave and shifting dulness were present. 

The had: was perfectly straight and rigid with loss of the usual dorsal and 
lumbar cuiwatures. There was no kj^ihosis and no tenderness. 

The external genitalia showed marked edema, chieflj’ of the scrotirm. The 
testicles were small but in noimal position. Rectal examination revealed a few 
hemorrhoidal tags and a small prostate. 

The extremities were greatly defonned. The thighs were fixed in about 45° 
abduction. The knees presented about 80° flexion with 15° of motion remaining. 


Pig. 3. Patient at the age of 24 3 'ears with his two brothers. 

There was marked bilateral pes cavus and talipes equinovarus deformity of 
about 120°. Marked pitting edema was present in the lower extremities up to 
the inguinal regions. Operative scars were noted on the plantar aspect of both 
feet. The patient could not raise his arms above an 80° angle with his bodj'. 
The right elbow was fle.xed to an angle of about 110°, the left to an angle of 170°, 
and there was stiffness of his wrists. The hands were “claw-shaiied” due to 
marked flexion contracture of all fingers except the thumbs. Pronounced cj-ano- 
sis and clubbing of the finger tips and calluses oi-er the knuckles were present. 
The musculature of all extremities was moderately atrophic. 

A neurologic examination revealed normal refle.xes. 




GARGOYLISM 


679 


Subsequent Course 

A diagnosis of gargoj'lism was suggested bj' Dr. Arthur HoffmaUj attending 
physician in medicine, and comparison of the features of this case '^^•ith those 
already.reported in the literature confirmed this impression. 

Therapy was directed toward the anasarca and dyspnea; treatment %vith 
paracentesis, mercurial diuretics and intravenous plasma resulted in moderate 
improvement. He was discharged after four weeks to the care of a rest home. 
About one month later he was readmitted with dyspnea, cyanosis and edema 
wliich grew progressii'el}* worse. Signs of consolidation were found at the base 
of each lung. On the third hospital da}' the patient suddenh' became irrational 
and expired after a few hours. Death appeared to he due to anoxia produced by 
the limited vital capacit}' and impaired venous return to the heart, which was 
further aggravated by the anasarca and a bronchopneumonia. 

Laboratory Findings 

There were no significant findings in the blood counts or in the uiine. Urinary 
creatine was absent. Blood cholesterol ranged from 164 to 185 mg. per 100 ce. 
Total blood proteins %'aned between 6.3 and 7.4 gm. per 100 cc., but 50 per cent 
of the total consisted of globulin. The ictenis index was elevated to 17 units. 
Bromsulfalein elimination test revealed impaired Ii\'er function, 80 per cent not 
being remoA'ed from the blood stream. The other blood chemical determina- 
tions were not abnormal. Electrocardiographic studies and blood circulation 
times were normal, "i'enous pressure was recorded as 210 mm. of water. The 
^^tal capacit}* was reduced to 700 cc. 

Roentgenographic Examination 

Roentgenographs were taken of the entire skeleton. The suture lines of the 
skidi were sh'ghtl}' vider than normal; the cervical and thoracic vertebras were 
more delicate, naiTower and smaller than average {Fig. 4); the ribs appeared 
fixed in a horizontal position and the lower ones were broader than average; 
there was a widened mediastinal shadow; the pelvis was fimnel-shaped. Except 
for slight osteoporosis of disu.se, the bones and joints showed no abnormality. 

-XUTOPSY FINDINGS 

Gross Examination 

The autops}' w-as performed twelve hours after death. dTie following de- 
scription will be limited to the positive findings and the significant negative 
items and will exclude major external di.stortions described above. Some of 
these features are well e.xemplified in the photographs. The body was dwarfed, 
measuring 56 inches in length, but allowing for the flexure of the hips and knees 
it measured 61 inches. It weighed an estimated 140 pounds, part of which 
was due to ascites and edema. 

Tlie muscles, for the most part, were fairly well developed. Those of the 
anterior abdominal wall were considerably hypertrophied, but the muscles of 
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Fig. 4. X-raj' film showing narrow vertebral bodies, 
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the extremities Tvere atrophic in striking contrast. Unduly' large blood vessels 
were present in the intemuscular and fascial planes. 

The calvariiim vas of average thickness and cut "with the usual amount of re- 
sistance. The base of the skull presented nothing remarkable. The spine was 
straight and the vertebral bodies were relativeh' small and delicate. Section 
through one of the vertebral bodies showed no gross abnormahtj'; the regional 
intervertebral cartilage also showed nothing remarkable. The anterior longi- 
tudinal ligament over the segment of vertebra that was removed was strikingly 
thicker than average. The pehds was small and shallow. 

The heart weighed 310 gm. but presented no abnormalit3^ The left lung 
weighed 520 gm. and the right 720 gm. There was extensive bronchopneumonic 
consolidation of the lower lobe of each lung and diffuse congestion and edema. 
Located chieflj' in, and ju.st below the pleura, and also deep in the parenchyma in 
a few places, were numerous white, firm nodules of fine texture, 1 to 3 mm. in 
diameter. 

The spleen weighed 1030 gm. The capsule was shghth' thickened; the splenic 
follicles were numerous and slightly* more prominent than usual. The pulp was 
severely' congested and firm. The lymph nodes presented the most striking 
abnormality. Practically- all of the thoracic and abdominal hmph nodes yy-ere 
markedly- enlarged, some measuring 3 cm in largest diameter. The majority 
were discrete, while others yyere matted together. The nodes were firm, mottled, 
light and dark gray- to pinkisii red and presented a coarse texture on section. 

There yy-as appro.ximateh' 2 liters of amber color cloudy" fluid in the peritoneal 
sac. The gastro-intestinal tract presented no appreciable abnormality- except 
for a solitary- grayish yvhite nodule, 2 cm. in diameter, located in the duodenum 
and similar to those seen in the lung. The liver yveighed 2040 gm. and presented 
extensiy-e portal cirrhosis y\ith nodules of hy-perplasia up to 3 cm. in largest 
diameter. 

The kidnej's yvere fused at the loyyer pole to produce a horeeshoe-shaped kid- 
ne}- yyith a double renal pehis. The cut surface of the parenchyma was not re- 
markable. The internal genitaha were not abnormal grossly-. 

The brain weighed 1420 gm. The external aspect and the surfaces made by- 
repeated coronal sections presented no abnormality- grossly*. Section of the 
brain stem also pre.sented no gross abnoimalitj-. 

HisWlogic Examinalion 

The tissue was fixed in 10 per cent formalin, embedded in paraffin and sec- 
tioned at 6 microns. One hundred and tyyenty--sey-en routine sections were 
stained yyith hematoxy-lin and eosin. Eighty- additional sections of selected 
pieces of tissue were stained with scharlach E, and osmic acid, Weigert's elastic 
tissue stain, and Masson’s trichrome stain. About ten unstained sections were 
examined yyith polarized light. Thirty-four sections yyere treated with fat 
solvents and acid and basic dy-es. 

Lymj)}i nodes. The most striking liistologic changes yvere found in the hmph 
nodes: 94 sections yvere examined. In most of the hmph nodes the normal 
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architecture was replaced in part or in whole by alveolated masses of large 
mononuclear cells uith abundant cjdoplasm which, for the most part, was vacu- 
olated but was in some part gi-anular (Fig. 7). 

Several sections of the hunph nodes, unstained, mounted in water revealed 
scattered amorphous gi-anules in the interstitial stroma and vathin some of the 
large mononuclear cells. These granules varied from 1 to several microns in 
diameter, were greenish broum and slightb*^ refractile. Superficial^'’ they re- 
sembled anthracotic pigment. Cold absolute alcohol, xylol, benzene, acetone, 
dioxane and chloroform did not dissolve these granules. Hot benzene, ether, 
dioxane, chlorofoim, x^dol, alcohol and acetone caused them to completely dis- 
appear. Control Ijunph nodes with abundant anthracotic pigment were simi- 
larh' treated but showed no dissolution of the pigment gi-anules. Wlien exam- 
ined with polarized light no anisotropic granules were identified. 

Sections of the Ijrmph nodes stained ■vnth scharlach R and osmic acid revealed 
vaiying amounts of globular and granular stainable lipoidal pigment in the 
C3'toplasm of the large mononuclear cells and in the interstitial stroma at the 
site of the above described granules. The amount of lipoid demonstrated in 
this waj", however, did not parallel the degree of vacuolation of these cells. With 
the scharlach R, the intensity and hue of the stain was not identical "^nth that 
found in the neutral fat. Sections of noimal Ijmph nodes, used as a control, 
revealed no e^^dence of lipid with these stains. 

Following the procedures used Ity Ashbj’’ ct al.,^ sections of the hmpli nodes 
were treated with various acid and basic dj^es. Sections stained with acid d3’es 
such as acid fuchsin, lirilliant gi'een, Congo rcd, eosin, light green, orange G and 
Van Gieson stain revealed no coloration of the granules or the vacuolated mono- 
nuclear cells. Additional sections treated Avith basic d3’’es revealed certain 
changes. With Ityajian’s mucin stain a distinct magenta color appeared in the 
C3’’toplasm of some of the large vacuolated cells but the granules were unchanged. 
Sections treated with neutral red revealed a reddish pink coloration of some of 
the vacuoles and granules. With cres3d ’i'iolet the granules developed a slight 
reddish cast, with thionine and toluidine blue a slight lilac color, with safranin 
a slight orange-3'eUow cast and with meth3'l violet no color developed. The 
vacuolated cells were unstained b3' these d3'^es. Several sections of bmph node 
treated with Lorrain-Smith stain revealed a blue discoloration of the granules 
but not of the vacuoles. (According to Mallor3’’, this is charactei-istic of cerebro- 
sides.) The control bmph nodes including anthracotic pigment and regional 
fat similarb’’ treated showed no affinity for these stains. 

Sections of the hmgs presented considerable bronchopneumonia. The Avhite 
nodules described in the gross consisted of alveolated groups of large mononuclear 
cells similar to those seen in the bTuph nodes (Fig. 8). With scharlach R and 
osmic acid the3^, too, revealed the presence of hpid in the c3'toplasm of some of 
these cells. No anisotropic granules were identified. 

The nodule in the dxiodemim revealed similar vacuolated mononuclear cells 
which contained a small amount of lipoidal material. In addition to tliis, the 
ganglion cells of the m3'enteric plexus and some of the regional connective tissue 
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Fig. 5. Post iloRTExr. Note coarse texture of skin of face, widely spaced eyes, 
broad nares, thick lips, retracted ears, short neck and large chest. 

Fig. 6. Post-Mortem. Xote large calluses of the knuckles, contractures of the 
fingers, incisional hernia, edema of the e.xternal genitalia and lower extremities, the 
pes cavus and talipes equinovarus. 
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cells also contained a small to moderate amount of lipid. No anisotropic granules 
were seen. 

Sections of the liver presented the usual distortion of the anatomic lobules, 
fibrosis, and evidence of nodular regeneration, characteristic of portal cirrhosis. 

The spleen showed moderate pulp hjTierplasia, focal hemorrhage, and a few 
scattered large mononuclear cells, containing a small amount of lipid, similar to 
those in the Ijmiph node, lung and duodenum. The thymus also contained a few 
scattered mononuclear cells of a similar nature. 

The kidneys, pancreas, prostate gland and testicles presented nothing remarkable 
except for absence of active spermatogenesis. When stained with scharlach R, 
a small to considerable amount of lipids could be seen, particularly in the epithe- 
lium of the convoluted tubules of the kidneys, in the glandular epithelium 
and stromal cells of the prostate, in the interstitial cells of Lej'dig, the 
stromal cells and in the epithelial cells of the testicles, and in the acinar cells 
and islands of Langerhans of the pancreas. 

The pituitary gland showed a slight^ enlarged anterior lobe. Some of the 
chromophobe cells were moderately vacuolated. The other structures were not 
remarkable. This organ was not subjected to special stains since all of it was 
embedded in paraffin. 

Sections taken from various portions of the bram showed slight variation in 
size of the ganglion cells. Some were small and p3’’knotic, others were larger 
and pi'esented a moderate amount of brown pigment in the cj-toplasm. The 
nuclei of the latter cells were eccentric due to the presence of the pigment. The 
pigment, however, was insufficient to cause “ballooning” of these cells. The 
pigmentation was least pronounced in the ganglion cells of the cerebral cortex, 
and most pronounced in those of the basal ganglia and pons. In places there 
Avas perineural and perivascular parenchj’^matous vacuolation. A small amount 
of brovTi pigment was found in the adventitia of some of the blood vessels. 
Additional sections of the medulla oblongata and the cervical portion of the 
spinal cord showed prominent ganglion cells in the graj'’ matter, some of which 
appeared considerably" swollen with brown granular pigment. The remainder 
of the tissue was not remarkable. 

Sections from the cortex of the brain, the basal ganglia, pons, cerebellum and 
from the medulla oblongata stained rvith scharlach R revealed variable amounts 
of orange-red globular and granular lipid in the large ganglion cells. The 
ganglion cells of the cortex presented the least concentration of lipid, while those 
of the basal ganglia and of the medulla oblongata presented the greatest. In 
addition, a small amount of j^ellowish red, globular and granular lipid was noted 
in the adventitia and endothelium of some of the small blood r^essels. No 
anisotropic granules were found in this tissue. 

Sections of the skin, muscle, bones, heart, thyroid gland and suprarenal gland 

Fig. 7. Lt.vph Node. Note normal lymphatic tissue at bottom and replacement of this 
elsewhere by large vacuolated mononuclear cells. 

Fig. 8. Lung. Note replacement of lung parenchyma at top by large vacuolated 
mononuclear cells. The parenchyma at bottom shows moderate edema. 
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presented no appreciable histologic abnormality. The section of skin taken from 
the foot was markedly edematous. The periosteum and ligament on the bodj^ 
of one of the vertebras was extremel}’’ thick and dense. lt\Ten stained with 
scharlach R, no abnormal lipid deposits were noted. 

ANALYSIS OF TISSUES FOR LIPIDS 

Since a lipid was demonstrated in the tissues b}’’ histochemical methods, and 
since a relationship to the lipoid dj’^strophies was suspected, it was deemed ad- 
visable to make a chemical anabasis of the tissues in an effort to deteiinine the 
character of the infiltrating lipid. The chemical determinations in this case were 
made b}^ Dr. R. Reiser. 


Methods 

Exlraclion. All the tissues were formalin-fixed. Blocks of the fixed tissue 
were wiped dr 3 ', cut as fine as possible with a fine scissors, and gi-ound in a mor- 
tar. About 5 gm. of tlie ground tissues was used for moisture deteimination 
and e.\actly 5 gm. of brain, 10 gm. of liver, 15 gm. of .spleen, and 10 gm. of bmiph 
nodes were used for the lipid determination. 

The ground tissues were refliLxed in 100 cc. of a 3 : 1 alcohol-ether mi.xture for 
thirty minutes and the e.xtracts decanted in 250 cc. volumetric flasks. The 
extraction was repeated with 50 cc. of alcohol-ether and then with 50 cc. of ether. 
The dried extracted tissues were transferred to a mortar, ground until powder 
fine and extracted twice more with 50 cc. portions of a 3 : 1 alcohol-ether mi.xture 
as before. After cooling, the flasks were filled with the alcohol-ether mixture. 
The extracts were filtered and kept in glass-stoppei’ed bottles in the refrigerator. 

Cholesterol. Two cc. aliquots of the extracts were eA'aporated to dr 3 Tiess, the 
lipid extracted with chlorofoim and total cholesterol determined b.v use of the 
Liebermann-Burchard reaction according to Bloor.® 

Lecithin and cephalin. These phospholipids were determined together as the 
moist ether-soluble phosphorus of the acetone insoluble lipids. The phospho- 
lipids were precipitated from 2.5 cc. of brain and 5 cc. of liver, spleen and hunpli 
node e.xti-acts b 3 ’- evaporation of the extract to dr3'nes3 in 15 cc. centrifuge tubes. 
Three drops of saturated strontium chloride in 95 per cent alcohol and 7 cc. of 
acetone were added to the dr 3 ' extract. The mixture was chilled in ice-salt mi.x- 
ture for one hour and centrifuged. The centrifugate was washed three times 
with moist ether and phosphorus was deteraiined in the evaporated combined- 
ether e.xtracts b 3 ' the method of Fiske and Subbarow.*® The amount of lecithin 
plus cephalin was considered to be 25 times the amount of phosphorus. 

Sphingomyelin. This phospholipid was determined as the moist ether-insol- 
uble phosphorus of the acetone-insoluble lipids after the method of I&k,®^ except 
that phosphorus was determined b 3 ' the method of Fiske and Subbarow. The 
factor 26 was used to convert phosphorus to sphingom 3 'ehn. 

Cerebrosides. Cerebrosides ivere determined b 3 ' a modified Kemmelstiel pro- 
cedure as described b 3 ^ Kirk.^® 
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Tolal lipids. Total lipids were determined gra\imetrically. Ten cc. of the 
alcohol-ether extracts was evaporated to dr^mess, re-extracted with ether, and 
dried to constant weight. 

“Rest” lipid. This fraction consisted of triglycerides, free fatty acids and the 
fatty acids of chole.sterol esters. It was obtained by the difference between the 
total lipids and the sum of the lipids determined indi^ddualh' as described. 

TABLE 1 

Lipros IX A Case of GARGOYLisir 


! 

j PEP. CENT BY TVEICHT OF DRY TISSCE 



( 




i Liver j 


1 Brain 

Ljmph Nodes 

Total fat 

1 

i 12.9 

12.4 

50.3 

40.7 

Cephalin and lecithin 

I 3.6 

3.4 

! 17.9 

3.2 

Sphingomvelin 


O.S 

1 6.9 

0.6 

Cerebrosides 

! 1.1 

1 0.7 

1 11.4 

! 1-1 

Cholesterol 

1 2.0 

1 2.4 

■ 13.1 

i 1-8 

“Rest” lipid* 

1 .5.7 

i 5.2 

1 

l-2t 1 

34.0 


* Obtained b}' difference. 

t Value is questionable, probably due to sum of errors of other determinations. 


TABLE 2 

Lipids ix Normad Tissues 


PEP CENT BY WEIGHT OF DRY TISSTE 



Liver 1 

i 

Spleen j Brain | 

(a) 1 (b) 

(b) 

1 (b) j (c) 

j (d) 1 (e) 

Total fat 

Cephalin and lecithin 
Sphingomyelin 
Cerebrosides 
Cholesterol ! 

“Rest” fat* ! 

1 ! 

„ _ I 9.43 

1 0.3S 

1 1 

0.9 I 

2.6 j 

{ 1 

1 

1 1 

1 -- 
1 1 5.65 

1 1 15.6 

1 i ' 

1 

29.6 

11.3 

20.9 

21.0 

J 8.9 

0.47 

1.4 

10.3 


* Fat is by difference (chiefly triglycerides). 

(a), values by Yasuda;^’ (b), values by Thannhausery" (c) values by Erickson (d), 
Values by Bodansky;® (e), values in our patient. 


Rcsidls 

The results of the anah'ses of the tissues in this case of gai'gojdism are given 
in Table 1, and may be compared to Table 2 in wluch are given the lipid analyses 
of normal human brain, liver and spleen as found in the literature. No lipid 
analyses of normal I^mph nodes were found in the literature. Therefore, hmpli 
nodes vith no apparent lesion were secured from an autopsied case and were sub- 
jected to the same anah-sis to serve as a control for the case of gargoylism. 
These results are also recorded in Table 2. 
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In brain, liver and spleen no marked change in any lipid constituent Tvas found. 
In brain, the phospholipids tend towards a low normal and the cerebrosides to a 
high normal. In liver, phospholipids are Ioav and “I’est” lipid high. 

The lipid composition of the l3anph nodes in gargoylism differs from the nonnal 
mainij' bj' a deci’ease in total phospholipids from 8.9 to 3.8 per cent and bj'^ an 
increase in “rest” lipids from 10.3 to 34.0 per cent. (All adhering adipose tissue 
had been carefullj'- removed under a hand lens.) There is, also, a relatively 
great percentage increase in cerebrosides but the value is so low ( 1.1 per cent) 
that its significance must remain questionable. Total cholesterol remains essen- 
tially unchanged. These findings are discussed below. 

DISCUSSION 

From a consideration of the various case reports it appears that garg03dism 
has been universall3^ accepted as an entit3' of congenital origin, familial in nature, 
due to an abnormalit3' in growth of cartilage and bone, associated in some wa3' 
with a lipoid d3^stroph3' related to Niemann-Pick’s disease. It appears to us that 
evidence exists to cast doubt on some of these assertions. 

The confusion regarding this s3mdrome is reflected in the multiplicit3’- of terms 
applied to it. It would seem that the term gargo3'-lism is preferable to the others 
in popular use, such as d3'sostosis multiplex, osteochondrod3^stroph3’', lipochon- 
drod3'splasia and Hurler’s s3Tidrome, on the grounds that it is more descriptive, 
generic and uniforml 3 ’’ applicable, because the S 3 mdrome was first described b 3 ’' 
Hunter and not b3'' Hurler, and liecause the histogenic terras infer changes that 
are not alwa3’-s present. 

The s3Tidrome has lieen accepted as a congenital disease chiefl3' because it is 
a disease of children. Some^' have suggested that it must be due to a fault in 
a gene. Based on the experiment of Bagg and Little, Engeb' has offered an 
intriguing theoiy according to which, in embr3mnic life, blebs of cerebrospinal 
fluid escape through the foramen anticus from the medullar3' tube into the sub- 
cutaneous tissue and interfere with nonnal growth of primordial structures with 
which it comes in contact. Engel also explained the lipoid d3'^stroph3' on similar 
interference with the normal growth of the pituitaiy lu’-pothalamic mechanism 
which controls lipoid metabolism. This seems to be difficult to accept. If there 
was but a simple mechanical interference with embiyonic growth, it would be 
logical to e.xpect anatomic evidence of this interference at birth. Since the dis- 
ease ma3'' not become eindent until several months or man3’’ 3’'ears have elapsed, 
it IS just as likety that a postnatal influence, or possibb’’ some extraneous influence 
during fetal life, could be the basis for the abnoimalit3'. The liigh familial inci- 
dence of this disturbance, hoAvever, (48 per cent) among twins and siblings places 
the weight of the evidence in favor of a congenital factor as the cause. 

Physical Abnormalities 

Certain of the ph3'-sical abnormalities appear to be constant, viz., dwarfism, 
laige head, short neck, coarse, ugty features, flexion deformities of some or all 
joints, large thorax and protuberant abdomen. Other features that are highb' 
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significant but not constant are: cloudy corneas, kj-phosis, enlarged liver, en- 
larged spleen, umbilical and inguinal hernias, mental retardation, long bones that 
are shorter and broader than usual, narrou* and deformed vertebral bodies and 
lipoidosis of various organs. 

The endence, slight as it is, for an abnormality of bony growth was secured 
almost entirely from roentgenographic studies. Histologic examination of bone 
was made in onl}* three cases. It is highlj’^ significant that onlj- one case revealed 
an abnormal osteochondral junction. The bone in the other two cases liras 
histolo^cally normal. Since the histologic obsen'ations are di\ided on the sub- 
ject, it cannot be definitely stated that an osteochondrodystrophy is not the 
basis for the bon3' abnormality but, on the other hand, since cases without de- 
formities of bone do exist, the osteochondrodr’strophy cannot be the universal 
basic factor for the production of the pbr'sical defoimities. 

Based entireb* on inference, it has been suggested also that a lipoid infiltration 
of the bone marrow, similar to that in Gaucher’s disease, could accoimt for the 
osteodystrophy, but this has been excluded br* the failure to ob-seive such lipoid 
infiltration in the three cases prerdously mentioned. 

^Metabolic influences appear to have been excluded fair!}* definitely as an 
etiologic factor for the development of the abnormalities, based on clinical studies, 
roentgenograms and tissue examination. Although there are some features in 
gargoj’lism, such as cretinism, that superficially suggest a glandular deficiency, 
histologic examination of tissues has revealed no significant changes, and re- 
placement therap3' has been without effect on the progress of the disease. 

One of the constant features of the sjuidrome that appears to have received 
insufficient general attention, but was emphasized as distinctive by Ashby et al} 
and Lurie and Le^y,®^ is the presence of the flexion contractures of the joints. 
Although usually inteipreted as an abnormality of the articular cartilage of the 
joints, it appears that the key to the understanding of most, if not all, of the de- 
formities lies in this abnormality'. The basic clue for this theoiy e.xists in the 
similarity of the “claw-like” fle.xion deformity of the hands in gargoylism to that 
of Dupuytren’s contracture. 

Application of this concept of fascial contractures to the other plmical de- 
foinfities of gargoylism appeai-s relatively simple. The bilateral pes ca^'us could 
be due to contracture of the plantar fascia and the marked equino\'arus deformity 
to contracture of the ligaments of the ankle, including the cruciate ligament , 
The abduction of tlie thighs could be due to contracture of fascia lata or other 
ligaments about the head of the femur; the flexion of the knees to the contracture 
of popliteal fascia or ligaments of the knee joints; and rigidity of the spine to 
contracture of the anterior and posterior longitudinal ligaments, the ligamentum 
fla\'um and possibly the interepinous ligaments, especially since there is no bony 
union to explain the rigidity. Inability to fully abduct the arms could be due 
to a contracture of the axillary fascia; flexion of the elbows to contracture of the 
fascia of the cubital fossa; the fi.xed thoracic cage to contracture of the intercostal 
and deep thoracic fascia; elevation of the scapulas to contracture of the fascia 
extending between the scapula and the ligamentum nuchae; and the furrowing 
of the scalp could be due to contracture of the galea aponeurotica. 
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It seems that disease of collagen, chieflj’’ of fascia and ligaments, is a more 
adequate explanation for the physical deformities than any previously considered. 
Some evidence for its existence, however inadequate, is found in the unusually 
thick fascia of the abdominal wall and that overlying the spine as noted in our 
case. Examination of the fascia of the other joints was not made since tliis con- 
cept did not occur to us until long after the autopsy was completed. 

It is possible, but by no means proved, that normal bony groivth could be inter- 
fered with in two ways by this contracture of fascia. Circumscription of bones 
by abnormally rigid fascial and tendinous structures could limit its growth, and 
unequal tensions could produce deformities. On the other hand, since bone and 
cartilage are mesodermal derivatives, it is also conceivable that they could be 
directly influenced in the process of formation liy the same factors influencing 
the development of fascia. Since the disease has a variable onset, and since the 
susceptibilit3" of bones to extraneous influences is variable at different ages, the 
pleomorphic picture of the skeletal abnormalities could then be explained. 

Neuromuscular disease as the basis for the contracture deformities is readil}’- 
excluded by the normal reflexes and the abilitj^ activeh' and passiveli’’ to extend 
and flex the joints within the limits imposed by the contractures. 

Lipoid Dystrophy 

The concept that a lipoid d3’'Stroph3’- was a component part of this S3'ndrome 
was introduced by Tuthill,^® based primaril3’' on the demonstration of an intra- 
cellular and extracellular lipid in the brain of one of Hurler’s original cases. Be- 
cause of this, and because the patient was mentall3' deficient, the disease was 
likened to Niemaim-Pick and Ta3’--Sachs’ disease. Intracellular lipid was de- 
monstrable with the usual fat stains in the brain tissue of all but one of the sub- 
sequent cases in which the patients came to autops3^ The concept was further 
“.strengthened” b3' the presence of the enlarged liver and spleen, the comeal 
opacities and the increased blood cholesterol A'alues, all of which were interpreted 
as part of the picture of lipoid d3"stroph3\ 

Examination of this eiddence reveals certain definite weaknesses. The in- 
creased cholesterol is an infrequent finding. The diffuse and granular comeal 
opacity has been studied primarily in vivo with the slit lamp and has been inter- 
preted as a lipoid deposit. It also has been e.xamined histologicall3' and histo- 
chemicall3'’ oul 3 ’' three cases. In one case^^ onl3'’ empt3’' slits ivere found. In 
the two other cases,-’ ® an intei’cellular granular pigment was found which was 
interpreted as a complex hpoid deposit. 

The enlargement of the liver and spleen is also not constant, Tivo such in- 
stances'-- Avhere tissue was examined microscopicall3', rei’^ealed no lipoidosis. 
In onb^ two of the six autopsied cases was there widespread histologic e\ddence 
for visceral lipoidosis, but here, too, the histochemical eiddence of lipid ivas not 
clearly defined. In one case,®^ the hpid was not demonstrable ivith the usual fat 
stains, wliile in our case the amoimt of lipid demonstrable with scharlach il and 
osmic acid was appreciabb’’ less than expected. This discrepancy has been ex- 
plained, and perhaps correctb’', as due to an alteration of the character of the 
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lipid conjugation 'with a protein. The occurrence of cirrhosis of the liver 
might be accepted as fm-ther e\adence for the concept of a generalized hpoidosis- 
since it has been described in the primarj^- idiopathic lipoidoses.®^ 

The demonstration of small amounts of lipoids vrith the usual fat stains in 
imusual positions such as in the lung, kidne\% intestinal vail, stromal and epithe- 
lial cells of the testicle, prostate gland and epididjnnis, and the large amoimt in 
the Ijmiph nodes is e%ddence in favor of the presence of a lipoidosis. 

As a control for the fat stains of the brain tissue of om- case, several normal 
brains of patients of the same age group were selected and sections from these 
stained with scharlach E.. A moderate amount of intracellular hpid was found 
in the same areas of these brains, as in the brain of our patient. It was then 
ob\'ious that a diagnosis of lipoidosis of the brain could not be made ■\vith cer- 
tainty in our case. On the other hand, it must be admitted that it is impossible 
to detect a slight quantitative difference in lipids hy this qualitative method. 
As a control for the lipid identified in the case of Tuthill, and as weU for the other 
three patients under the age of 15 years, we examined sections of the brain of a 
6 year old boy with tuberculous meningitis with the same fat stains. In striking 
contrast, only a few ganglion cells presented an extremely small amount of lipid. 
It is, therefore, apparent that the presence of pronounced quantities of an intra- 
cellular cerebral lipid in those patients under the age of 15 may be acceptable as 
diagnostic of a cerebral lipoidosis. 

Chemical anal3'sis of the organs of the patient reported b}’ the authors failed 
to reveal increased concentrations of lipids characteristic of any of the major 
tj'pes of lipoid d3'stroph3^ In the liver the value of phospholipids was in the 
range of a low normal and the ‘Test” fat of a high normal. The content of 
cephalin and lecithin, and of sphingom3’'elin in the spleen were low. In the 
brain the value of phospholipids was a low normal and of cerebrosides a high 
normal. 

Since it has been repeatedb" shown^® that fixation of tissues in formalin causes 
a drop in the lipid phosphorus, but no change in the total fatt3' acids, the above 
low values for phospholipids could be explained. Considering the limitations of 
the methods for sphingom3'elin and cerebroside determinations and the changes 
that occur in tissues fixed in formalin, it does not appear that the variations from 
the published normal values in this case justif3' the conclusion that there is an3^ 
change in the lipid composition of the brain, fiver, or spleen. 

In onl3' one other case' was the brain anatyzed for total lipid and cerebroside 
content. The total lipids were Avithin normal values, while the cerebroside con- 
tent of the cortex of the brain was found to be considerabh' reduced and that of 
the white matter noimal. TiTiile this demonstrates a distrubance in the cerebro- 
side concentration in one area of the braia, it also is e\idence against deposition 
of excessive quantities of lipids in the brain. 

Two lipid changes in the hunph nodes are noteworth3'. One is the decrease 
in total phospholipid from S .9 to 3.8 per cent. The other is the marked increase 
in “rest” lipids. This latter fraction, l\v exclusion, must be simple trigl3-ceride 
esters of fatt3' acids, e.xcept for a possible small moiet3' of free fattA* acids and 
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fatty acids of cholesterol esters. The apparent contradiction between this con- 
clusion and certain results of the histochemical studies must lie in the common 
observation that histochemical demonstration of the lipids of tissues is obscured 
by their conjugation ndth proteins and carbohydrates. 

Tins infiltration in gargo3dism of the various tissues, chiefly Ijunpli nodes, 
probably is best interpreted as reticulo-endothelial storage of an unidentified 
chemical substance in complex combination. Since the substance has not been 
identified as a phospholipid, cerebroside or cholesterol, identity of gargoylism 
vith Niemann-Pick disease, Gaucher’s disease and Hand-Christian-Schuller’s 
disease is thereb}* excluded. 

Another consideration for which there is no solution at present, is the relation- 
ship of the generalized reticulo-endothelial disease to the physical abnormalities. 
If it be agreed that the disturbance is a disease of collagen, and since histochemical 
investigation of connective tissues in man}' places failed to reveal the nature of 
the abnormality, no etiologic relationship can be established. It is to be hoped 
that a more careful study of the fascia of involved joints and more exhaustive 
biochemical analyses of the tissues from subsequent autopsies will complete the 
picture of gargoylism. 


StnMM.A.RY AND CONCLUSIONS 

A case of garg03dism has been presented together with detailed clinical, x-ra}', 
postmortem and chemical studies. The literature on the subject has been sum- 
marized and anatyzed. 

Evidence has been submitted to suggest that the deformities ma}’ be produced 
b}’’ a disease of collagenous connective tissue, chief!}' affecting the fascia and liga- 
ments, rather than b}’ an abnormality of bon}' growth as previoush’ accepted. 
It is believed that abnormalities are probabty initiated b}' congenital factom, 
chiefl}' because of the high familial incidence of the disease. 

It has been shown that lipoidosis is not a constant feature of the disease entity. 
When present, however, it is found in the brain and in the reticulo-endothelial 
S3'stem, as in other idiopathic lipoid d3'strophies. Chemical anah'sis of the tis- 
sues of our case revealed a significant increase in lipid content of the tymph nodes, 
but not of the brain, liver or spleen. The increased lipid was, b}' exclusion, 
simple fat probabty in complex protein combination. The fact that it was not 
a phospholipid, cerebroside or cholesterol separates this disturbance from the 
other idiopathic lipoid d3'stropliies. 

No relationship was established between the genesis of the ph3'sical abnormal- 
ity and the reticulo-endothelial disease. 
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THE PROZONE PHENO:\IENON IN PJi BLOCKING SERUMS* 

PAUL G. HATTEESLEY, Capt., AIC, AUS, axb :MARGARETTE L. FAWCETT, B.S. 

From the Laboratory Service, Letlennan General Hospital, San Francisco, California 

Soon after the recognition of the Rh factor as a common cause of human iso- 
sensitization, the prozone phenomenon was described in certain Rh antisenuns/'^ ’ 
Although the full significance of the phenomenon was not at firet recognized, it 
was eventually established that such semms contain a mixture of agglutinating 
and blocking antibodies, the latter of lower titer.” Agglutination in the first few 
tubes of the titration is inhibited bj' the blocking antibod\', but when the semm 
is diluted beyond the titer of the inliibiting substance, agglutination appears. 

Since the establislunent of technics for the direct demonstration of Rh blocking 
antibodies by their agglutination of Rh-positive cells, it lias likewise been recog- 
nized that zone phenomena occasional!}' occur when potent Rh blocking semms 
are tested with cells suspended in seimn or albumin. Le\'ine,^'' in referring to 
tliis phenomenon, reported having encountered it as early as 1944, and in two 
protocols mentioned six cases in wliich agglutination of albumin suspended Rh- 
positive cells by undiluted seirun was ver}' weak or entirely absent, while ap- 
preciable titers appeared on serial dilution. He suggested that such ob.servations 
are evidence of a third order of Rh antibodies which of themselves, not only do 
not agglutinate Rh-positive cells, but are capable of inhibiting agglutination, even 
in albumin, by the common variety of blocking antibodies. He cited the work 
of Hill and Haberman® with the Coombs- test as additional eWdence for the 
e.xistence of such antibodies. 

In testing a large number of Rh-negative bloods with Rh-positive cells in 30 
per cent bovine albumin, we have encountered several with a weak prozone, and 
three with a prozone so strong as to completely inhibit agglutination in the first 
few tubes of the titration. Since references to this phenomenon in the hterature 
are extremely sparse, it seems of interest to report these three cases, with obser- 
vations on the teclmical conditions which affect the appearance of the prozone, 
and to discuss methods of eliminating it in the diagnostic test. 

REPORT OF C-\SES 

Case 1 

An unmarried woman of 72, entered another hospital for treatment of severe 
anemia associated vith a gastric neoplasm. She gave a histor}- of ha\ing re- 
ceived si.x transfusions without reactions twenty yearn before. During the pre- 
sent admission she was H^ped as group O, Rli-positive, and received eight trans- 
fusions of Rh-positive blood, several of which were complicated by chills, fever 
and e\ddence of abnormal destruction of the transfused cells. At the time of 

* Tile opinions expressed in tliis paper are those of the authors and do not necessarily 
reflect the official attitude of the United States Army. Received for publication, June 
5, 1947. 
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the last transfusion, the coinpatibilit3^ of the donor s blood ^\as checked bj'^ a cioss 
match using serum-suspended cells, but shoAved no agglutination. Hei cells a\ ere 
subseciuentl3'' ret5’'ped, and on this occasion A\'ere found to be Rh-negatiA'e. Her 
serum AA’as then titrated against Hh-positive cells in acacia solution (2 per cent 
acacia in 1.2 per cent calcium chloride, as suggested 1)3’' LeAune'^), and AA'as found 
to haA’e a high titer of In^perimmune antibodies, AA'ith a strong prozone. She 
subsequentl3’’ receiA'ed Iaa'O transfusions of Rh-negatiAm blood AAdthout incident. 

Her serum, as submitted to this laboratory, gaAm the reactions outlined in 
Table I. 

Comment. The series of hemol3dic reactions in this patient AA'as due to the 
transfusion of Rh-positiA^e blood into an Rh-negatiA^e patient aa’Iio had erroneoush- 
been t3"ped as Rh-positiA^e, and avIio had been sensitized 1)3’- transfusions tAventy 

TABLE 1 

Antiboda' Titrations in Case 1 

Technic used: in saline titrations, serum dilutions and 2 per cent cell suspensions Avere 
in physiologic saline; in “albumin” titrations, serum dilutions were in normal group AB 
serum; 2 per cent cell suspensions were in 30 per cent boAone albumin (Armour); tubes 
Avere incubated 1 hour at 37 C.; tubes were centrifuged 3 minutes at moderate speed and 
examined under dissecting microscope for agglutination. 



The Diamond-Abelson slide test with whole group 0, Rho blood was negatiAm. 


3'ears before. I^dren the patient’s serum AA’as tested AA’ith Rh-positiA’e cells sus- 
pended in serum, the presence of a dangerous incompatibilit3’' Avas missed en- 
tirely, because of the prozone of the Rho antibod3^ 

Case 2 

A 30 3^ear old houseAvife AAms referred to us because of the death of her third 
child from erythroblastosis fetalis. Her first tAAm pregnancies had been uncom- 
plicated and she bore Iaa’o health3r daughters. Because of postpartum hemor- 
rhage, she had received tAA’o units of AA’hole blood folloAAung her second deliA’er3’’. 
There had been no reaction to either transfusion, and she had recoA’ered AAathout 
further incident. Her third pregnanc3’’ tAA’O 3’^ears later ended AA’ith the deliA’'er3’’ 
of a full-term male infant, AAdio rapid^’' dcAmloped seAmre icterus and died. 
The necrops3' findings AA’ere characteristic of er3i;hroblastosis fetalis, AA'ith icterus 
gi'avis. 

In another laboratory, the patient Avas subsequentl3'’ found to be Rh-negatiA’^e, 
while her husband and tAVO liAung children, as AA’ell as the tAA’o donors from AA’hom 
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she had received blood were Pdi-positive. No PJi antibodies could be demon- 
strated in her serum. 

In this laborator3' the blood t^-pes of the patient and her famil3" vere confirmed. 
On a single tube test, incubating one drop of her serum vith one drop of a 2 per 
cent suspension of group 0 , Pthi Ph2 cells in 30 per cent bmine albumin, no Rh 
antibodies could be detected. Furthermore, the Diamond and Abelson slide 
test vas entirel3' negative. Because of the extremeh' suggestive clinical hist 013% 
however, the test was checked with the antihiunan globulin precipitin of Coombs,- 
and a strong positive reaction was obtained. Titration of the senim in albumin 
subsequenth' demonstrated an appreciable titer of Rho antibodies, with a prozone 
(Table 2). 

Comment. Sensitization in this case ma3' have been initiated b3^ the firet two 
pregnancies, but probabl3^ resulted from the Rh-positive transfusions. (One need 
scarceR mention the folh’ of administering a transfusion to a parturient woman 


T.\BLE 2 

Axtibody Titration'S ix Case 2 
Technic used was same as in Table 1 


CELL TYPE AND ISEDIU3X 

TCBE inriTBEK IS SERI-VL DOUBLIXC DaUTIOXS OF SZZVM 

warn 

3 ! i i 5 

1 6 ; 7 j s i 

9 ! 10 

Rho (saline) 

Rho (albumin) 

Rh'^ (albumin) 

Rh" (albumin) | 

lilt 

fill 

1 1 M 1 

1 1 1 

1 1 iL, 1 

^ M i ■ 

; I , r 

_ i _ 

i 

" 1 ” 

! 

*“ 1 “ 

1 


The Diamond Abelson slide test v-ith whole group 0, Rho blood was negative. 


without first obtaining her Rh t3'pe or of following her through a sulisequent 
pregnanc3' without deteimining her Rh status.) TMien a search for Rh anti- 
liodies was finalh' made, the3' Avere entireh' missed b3'- another laboratory', owing 
to the marked prozone, and the3' Avould hay'e been missed in this laboratory', had 
it not been for a strong suspicion on our part. 

Case 3 

A 25 3 'ear old soldier Avas seA'erel 3 ’' injured in a jeep accident AA'hile in German 3 ' 
and receiA'ed, Av'ithout reaction, si.x xmits of AA'hole group 0 blood, unclassified as 
to Rh t 3 ^pe. He Avas later brought to Letterman General Hospital for treatment 
of chronic osteora 3 'elitis Avhich had deA^eloped in both legs. He AA'as foimd to be 
group 0, Rh-negatiA'e, and over a period of nine months AA'as giA^en a series of 28 
transfusions of Rh-negatiA'e blood AA'ithout incident other than urticarial reactions 
tAvice, and transient chills and feA'er on one other occasion, presumabh' on a 
P3'rogenic basis. 

During a surA'e3'^ of preAfiousl3' transfused patients, liis semm AA'as found to 
give the reactions listed in Table 3 . He was subsequenth' given three doses of 
5 cc. of Rhi blood mixed into his Rh-negative transfusions without incident and 
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and his titer of both Rho and Rh' antibodies in albumin rose to 40,000, subse- 
quen% falling to 2000 with a prozone in the Rho titration (Table 3). This last 
semm was used for subsequent observations. 

Comment. In this case, hyperimmune antibodies of both Rho and Rh' tjqjes 
were discovered several months after the last of a series of transfusions, several 

TABLE 3 

Antibody Titrations in Case 3 


Technic used was same as in Table 1 


j 

CELL TYPE AND ItEDIUlI 

TOBE NCUBEE IN SERIAJ, DOUBLING DILUTIONS OF SERUM 

1 

2 ! 3 

4 

5 

6 

7 

S 

9 

ID 

11 

12 1 

13 

14 j IS 

Initial Test 


Rho (saline) 

— 

] 

— 

— 


- 



- 


i 

- 

— 


- 

Rho (albumin) 

3 

3 

4 

4 

4 

4 

4 

4 

3 

3 

2 

2 

1 

- 

- 

Rh' (saline) 

1 

_ 1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Rh' (albumin) 

4 

4 

4 

4 

4 

4 

3 

3 

2 

2 

1 

- 

- 

- 

- 

Rh" (albumin) 

- 


7 

- 


- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


After Stimulation 


Rho 

(albumin) ' 




1 ^ 

2 

4 ! 

4 

4 ^ 

4 

3 

2 

B 




Rh' 

(albumin) 

1 ^ 


1 4 

1 ^ 

4 

4 1 

4 

4 

3 

2 

1 1 

j 

B 

- 

- 

- 


TABLE 4 

The Prozone in Rho Blocking Serums 
Summaij’ 

Technic used; serum dilutions were made in normal group AB serum; cells were of 
patient of Group 0, Rho, 2 per cent in 30 per cent bovine albumin (Armour); tubes were 
incubated 1 hour at 37 C,; tubes were centrifuged 3 minutes at moderate speed and ex- 
amined under dissecting microscope. 


CASE 

NUMBER 

i 

TCBE CTilDER IN SERIAL BOUBIINC DILDIION OF SERTIlt 

1 

2 1 

1 

3 

4 

5 

6 

7 

s 

9 

10 

11 

12 

13 

u 

15 

1 

It 

18 

1 


B 

B 

- 


- 

2 

4 


4 

4 

1 

4 i 

4 

4 

3 

2 

B 


B 

B 


H 

B 

3 

i 4 

4 

3 

1 


— 

— 


— 

— 

— 


H 


H 



I 

B 

B 

fl 

B 

4 ] 

4 


4 

3 

2 

1 

- 

B 


B 


B 

i 


of which must have been of Rh-positive blood. It was only after a series of small 
stimulating injections of Rh-positive blood that a strong prozone appeared in the 
Rho titration. If this last serum had been the first one examined, and if the test 
cells had not contained the Rh' factor, the presence of antibodies might verj”^ well 
have been missed entirely. 

The Rho titrations of the three serums used for our subsequent observations 
are summarized in Table 4. 
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EXPERniENTAL OBSERVATIONS 

In evaluating these three serums for use vith the new rapid Rh t^-ping technic," 
we were surprised to observe that when the titrations were centrifuged immedi- 
atel}' at high speed, without preliminary incubation, no prozone appeared (Table 
5). This observation soon was confirmed with a considerable niunber of Rh 
antiserums shoiving a less marked prozone. 

In an effort to anal 3 'ze the technical factors influencing the appearance of a 
prozone, expeiiments were set up with the following purposes: 

TABLE 5 

Effect of liniEoiATE Cexteifuging on Peozone 

Technic used was same as in Table 4, e.xcept that tubes were centrifuged immediateh*, 
without incubation. 


19 


SERUM 






TUB 

E NUMBER IN SERIAL DOCBLINC DILUTION OT SE 

RUM 





I 

2 

3 

1 4r i 

1 5 i 

! I 

® 1 

7 

i ^ 

1 ! 

9 ! 


11 1 

12 

i j 

14 

f 

16 

1 11' 

18 

1 

4 

4 

4 j 

4 

I 4 1 

4 1 

i 

4 j 

4 

i 

4 ^ 
^ ! 

1 ! 

! 4 i 

4 1 

3 

1 2 1 

2 

i^! 


: — 
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2 

4 i 


4 

1 4 i 

1 4 

3 I 

1 1 



i _ ! 
i 

- i 

- 

- 1 

- 

1 - ; 

- i 

- 

- 

3 

1 

^ ! 

4 j 

4 1 

4 

i4| 

^ 1 

1 




2 1 

1 

1 - 1 

- 

1 I 
■ ' ! 

! 

! 

- 
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T.ABLE 6 

Effect of Temper-atcre on Prozone 

Technic used was same as in Table 4, except that tubes were incubated at room tem- 
perature (22 C.) for 1 hour rather than at 37 C. 


SEECSI 


TTBE KTIIBEP- IK SZKIAL DOUBLING DILUTION OT SERUM 


:n;MEER 

( 

1 1 

I 2 ’ 

3 

( ! 
i ^ * 

^ 1 

6 

7 

8 

9 

\ 10 


11 


la 
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16 

m 

1 

19 
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( 
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3 ■ 

3 

1 3 1 

3 j 

4 

4 


4 

i 4 i 

1 4 

h 

4 j 

1 ^ 1 

3 1 

2 

1 2 

1 1 

1 

2 

3 

4 

4 

hi 

3 

3 

2 


- 

1 


- > 


1 1 
! j 

‘ - i 

- 

! - 

- 

- 

3 

3 

3 

3 

hi 

h 

4 

4 

- 1 

d 

1 

; 4 

4 

! ' i 

2 j 

- i 

! 

~ ! 

— 

; — 

— 
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(1) To determine the effect of decreased temperature, titrations were incubated 
at room temperature for one hour, rather than at 37 C. (Table 6); 

(2) To determine the effect of time of incubation, titrations were incubated at 
37 C. for varidng intenmls from five minutes to two hours (Table 7); 

(3) To determine the effect of cell concentration, titrations were set up with 
cell suspensions of varxdng concentrations from ^ to 50 per cent (Table 8); 

(4) To determine the effect of speed of centrifuging on the prozone, identical 
titrations were centrifuged at varAung speeds (Table 9) ; 

(5) To determine the importance of complement in production of the prozone, 
identical titrations were set up with heated and unheated serum (Table 10). 

The results of these experiments, as presented in the corresponding tables, 
suggest that whereas cell concentration, speed of centiifugation, and presence or 
absence of complement have little effect on the prozone, the temperature of in- 
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cubation is of considerable importance, as the prozone appears promp% at 37 
C., but very weakl 3 % or not at all, at room temperature. Time of incubation 

TABLE 7 

Effect of Duration of Incubation on Pkozone 
Technic used was same as in Table 4, e.xcept that tubes ■were incubated for varying 
lengths of time at 37 C. 


TUBE NCMBEB TK SEBIAE DOCBLING DltCTION OF SEKCU 


ISCU- 

BATIOK 

1 ! 

2 ! 

3 

4 

5 

6 I 

7 1 

8 

1 9 
i 

10 

11 

12 

13 

! 14 

1 

15 

16 

17 

18 

19 

Serum Number 1 
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2 

4 

4 

4 i 

i 4 

1 ^ 1 

4 

4 

1 4 

4 

3 

3 

1 1 

i 2 

1 

- 
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— ■ 

- 

- ■ 

1 

2 
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4 1 

4 

4 

4 

4 

i 

4 

4 

3 

i 2 

2 

1 

- 

15 

-- 

- 

- 

- 

1 

2 ! 

3 i 

4 

4 

4 

4 

4 

4 

4 

3 

1 2 

2 


- 

30 

- 

- 

- 
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2 
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4 
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4 
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4 

3 

2 
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1 

- 

- 
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4 
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- 

- 

; - 
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3 

3 

1 
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- 
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■ 

■ 

■ 

■ 

■ 

B 

B 

B 

B 

■1 
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o 
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B 
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B 
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B 
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B 
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4 i 4 i 4 

3 

2 

B 

B 

B 

s 

B 

B 
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TABLE 8 

Effect of Cele Concentration on Prozone 
Technic used vas same as in Table 4, except for varj-ing concentrations of cells. 

CONCEN-I 

TKATION TCBE NCMBES IK SERlAt DOCBEIKO Bn-CIIOK OF SERCU 
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appears to be of some importance, with the prozone increasing appreciabl}’’ tvith 
continued incubation. 

In all of the observations relating to this point, we had used the cells of a single 
individual (H. K.) of group O, Rho (cDe of Fisher). It now remained to be seen 
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whether some of the prei-iously observed variations in the prozone might not have 
been due to differences in the behavior of different cell types. 

As might be expected, it had been found that serums from patients 1 and 3, 
which contained Hh' as well as Rho antibodies, did not give the usual prozones 
when titrated against cells which contained the Rh' antigen. 'VMien a series of 
tj’pe Rho and type Rhn bloods (presumablj* lacking this antigen) was analyzed, 

TABLE 9 

Effect of Speed of Centrifugixg ox Prozoxe 
Technic used was same as in Table 4, except for variation in speed of centrifuging* 
Tubes were centrifuged in Adams 6-tube angle desk centrifuge (Clay-Adams Co., Inc., 
Xew York, X. Y.). Speed was calibrated in rheostat stops. 
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TABLE 10 

Effect of Co.’irPLE.MEXT ox Prozoxe 

Technic used was same as in Table 4, except that in one titration the serum was heated 
at 56 C. for 10 minutes. 
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however, an occasional specimen of blood differed from the others in fading en- 
tirely to show the prozone in these same two seimns. These observations sug- 
gested that there were subgi’oup differences in the antigenic specificitt’ of these 
cells, perhaps on the basis of the of Callender and associates,^ or the D“ of 
Stratton,^- which coidd be differentiated by their reactions in our zoning serums, 
but not bt' the subtj'ping serums available to us. This aspect of the problem is 
at present under further investigation. 


DISCUSSION 

The most reliable test for Rh antibodies, in our opinion, is that of Diamond 
and Denton,^ using bovine albumin as a suspending medium for the Rh-positive 
cells. This test is much more sensitive than the blocking technic of Wiener,*’ 
and in our hands gives fewer equivocal results than the slide test of Diamond and 
Abelson,* or the “conglutination” test of Wiener.*= It is our observation, 
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liowever, that some degree of prozoning is rather common when the serums of 
individuals liigh^^ immunized to the Rh factors are tested bj' tliis technic and 
the same appears to be true when the test cells are suspended in semm or plasma. 
Ordinarily, although agglutination is decreased in intensity by the prozone, 
enough remains to indicate that antibodies are present. Occasionally, however, 
the quahtative test with undiluted serum is entirely negative, even in the pres- 
ence of a very high titer of antibodies. We have described three such cases, 
and have shown that in two of them the presence of antibodies was not at first 
recognized. 

Various technics have been used in an effort to avoid the prozone as a source 
of error in the test for antibodies, but none has proved entirely satisfactory. 
The blocking technic of Wiener should presumabl}" be strongly positive in zoned 
serums (as it was in our three cases), but this test is so insensitive in detecting 
low concentrations of h3qDerimmune antibodies as to be entirelj' unreliable as a 
single screen test. Diamond^ has stated that his slide test will usualh' detect 
antibodies in spite of a prozone in albumin, but two of our three cases showed an 
entirelj' negative slide test when undiluted serum was tested against Rho blood. 
Much of the danger of a false negative test maj' be eliminated b3’' testing each 
semm tkrough a series of dilutions. The additional labor involved in a length3’' 
titration of aU serums is veiy considerable. However, if the titration is shortened 
to save labor, there is the danger of entirel3' missing antibodies in serums, as in 
Case 1 , which showed complete inhibition through five consecutive serial di- 
lutions. 

In view of the lack of a simple, entirel3’- reliable screen test which regularly 
detects Rh antibodies without troublesome prozones, it was with considerable 
hope that we pursued the observations that it was healing which produced the 
prozone in our titrations. Vliile other alterations in the technic affected the 
prozone ver3' httle, it appeared that when antibod3’’ tests were incubated at 
room temperature, or were centrifuged immediatel3', the prozone failed to appear. 
This finding suggested the following simple modification of the albumin technic 
of testing for Rh antibodies: j\Iix a drop of the unknown serum in one aggluti- 
nation tube with a drop of an albumin suspension of group 0 , Rh-positive cells 
and in another ^th Rh-negative cells. Both tubes are immediate^ centrifuged 
at high speeds for three minutes and examined for agglutination. If the cell 
suspension remains smooth, the test is then incubated at 37 C. for one hour and 
again centrifuged and examined. Agglutination of the Rh-positive cells, either 
before or after incubation, while the Rh-negative control remains smooth, 
is e^ddence of Rh antibodies. Although our observations have been limited 
b3’^ the relative^ small number of zoning serams available to us, the3’^ have led 
us to believe that this minor alteration in teclmic should complete^' eliminate 
the hazards of the false negative test due to the prozone. 

SUMMARY 

Three cases of Rh sensitization are described in which there was a strong 
pi ozone when the seium w^as tested against Rh-positive cells in boAone albumin. 
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The technical conditions influencing the appearance of the prozone in these 
serums are analyzed . It is concluded that heating to 37 C . brings out the prozone 
since serums which were spun immediately, or were allowed to st-and at room 
temperature, failed to show the prozone. A new modification of the bovine 
albumin technic of testing for Rh antibodies is suggested, incorporating im- 
mediate centrifugation to eliminate falseh’’ negative reactions due to prozone 
phenomenon. 
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SIGNIFICANCE OP THE ACCELERATED REACTION IN 
DETERMINATION OF PROTHROMBIN TIME OF 
DILUTED PLASMA'^^ 

HAROLD S. TUFT, M.D., and RICHARD E. ROSENFIELD, 1\I.D. 

From the Departments of MedictTie and Pathology, Montefiore Hospital, 

Pittsburgh, Pennsylvania 

Interest in the determination of prothrombin time on diluted plasma has been 
heightened by the disagreement among obsei-vers as to the significance of the 
accelerated reaction. Shapiro and his co-workers^®- demonstrated acceleration 
in cases of thromboembolic disease. Peters, Gujdher and BrambeP based the 
rationale of the administration of Dicumarol in coronary occlusion upon the 
acceleration of prothrombin time noted by the method of Brambel.^ Link and 
his groups- ® observed accelerated readings in animals given single doses of 
methylxanthines and vitamin K. Shapiro and Richards*^ confirmed this in 
human patients given vitamin K. Sherf and Schlachman® corroborated these 
findings in regard to the methylxanthines. Cotlove and Vorzimer,- however, 
were unable to find acceleration in their patients with thromboembolic disease. 
Gilbert, Day and Trump® denied the occurrence of acceleration after the admin- 
istration of methylxanthine and also disclaimed any increase in blood coagula- 
bility, using the heparin tolerance principle of de Takats.® 

In view of the dissenting opinions, it was decided to review the question giving 
special consideration to the method used. In a previous paper,® we discussed 
the matter of proper diluent, and showed that plasma from which only prothrom- 
bin had been removed was superior to saline. Dilution with saline was used 
by the aforementioned observers. With barium sulfate as the specific adsorbant 
in the preparation of prothrombin-free plasma, a simple method of dilution 
was proposed, which we felt represented a logical approach to the determination 
of plasma prothrombin by the one-stage technic. This paper is a survey'’ of the 
results of this method applied to the question of whether acceleration of coagula- 
tion in the dilute prothrombin determination may be used as a premonitorj’" or 
diagnostic sign of thrombosis or embolism. 

METHOD 

The method used consists essentially of Quick’s one-stage procedure modified 
by the use of barium sulfate-treated plasma as a diluent of the plasma to be 
tested. The plasma diluent is prepared by the addition of 20 volumes per cent 
of a 30 per cent suspension of barium sulfate to pooled plasma. The mixture 
is incubated at 37 C. for ten minutes, centrifuged, and the supernatant plasma is 
poured off and utilized as the diluent. Plasma treated with barium sulfate fails 
to clot upon the addition of calcium and thromboplastin, but clots within three 
seconds after fi-esh thrombin is added. Additional reasons for believing that 

* Received for publication, June 20, 1947. 
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only prothrombin is removed from this plasma were given in our earlier report® 
and M'ill not be discassed at this time. Ten per cent dilution of v'hole plasma 
Muth this plasma diluent was used throughout the study. Hereafter, this test 
ivill be called the ‘^‘dilute prothrombin test”, and the reading, the “dilute pro- 
thrombin time”. 

Analysis was made of 500 consecutive dilute prothrombin deteiminations 
in this laboratoiA’ from July 1, 1946 to Alarch 30, 1947. In addition, a gi-oup of 
13 laboratory' workers, all y’oung healthy adults, was chosen for normal controls 
(Table 1). There M'ere 40 patients who presented special features wliich mtH 
be discussed below. The normal dilute prothrombin time, detennined on 
plasma pooled from 10 of these 13 healthy adults was twenty-four seconds. 

TABLE 1 


PROTHROirBIN* TlME OF 10 PeR CEXT PeASM-^ SAAfPLES FROM XoEM.iL COXTHOLS UsiXG 
Barium Sulf.ate -treated Plasm.a .as the Diluext 


CON*TP-OL CASS KClfBEH 

t 

I EXADIKC IX SECONTJS 

i 

1 

22.4 

2 

20.0 

3 

21.8 

4 

26.8 

5 

23.2 

6 

20.7 

7 

20. S 

S i 

24.8 

8 

23.7 

9 

20.8 

10 

21.8 

11 

1 23.6 

12 

! 23.7 

13 ! 

25.3 


results 

The dilute prothrombin times given in Table 1 refer in each instance to the 
average of three determinations on each sample. There was not more than a 
variation of 0.5 second in clotting time in each sample. The results show a 
fairly vide range of variation in normals, the lowest figure being 20.0 seconds 
and the highest 2G.8 seconds. As a basis for consideration of the occurrence of 
an accelerated reaction, 20.0 seconds was accepted as the lower limit of normal. 

Study of the entire series of 500 determinations disclosed only 13 instances 
with dilute prothrombin time beloiv 20.0 seconds (Table 2). Only 3 of the 
patients in this series had thromboembolic disease: 1 patient developed phlebo- 
thrombosis and later pulmonary embolism subsequent to myocardial infarction. 
Another developed pulmonaiy embolism, the source of which was not discovered, 
and one patient had a postoperative phlebothrombosis. A surprising number 
of patients with liver disease and biliary tract disease gave accelerated reactions. 
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The lowest figures encountered were in Cases 5, 10 and 12. The patient in 
Case 5 was a 52 year old white man who entered the hospital with a diagnosis 

TABLE 2 

Diagnosis and Prothrombin Times in 13 Patients with Accelerated Prothrombin 
Readings .asiong 500 Determinations of Prothrombin Time of Dilute Plasma 
Note that first 3 patients listed had thromboembolic disease. 


CASE NtTilBER 

SEX 

DIACKOSIS 

1 

PROTHROMBIK TOTE, 
IN SECONDS, OF 10 
PER CENT PLASUA 

1 

hi 

Phlebothrombosis 14 days after hernior- 
rhaphy 

19.3 

2 

F 

hli'oeardial infarction, subsequent 
phlebothrombosis and pulmonary 
embolism 

19.7 

19.6 

3 

hi 

Pneumonia left lower lobe, pulmonary 
embolism 

19.0 

4 

F 

Neurofibroma of spinal cord 

19.0 

5 

hi 

Acute cholecystitis with empyema and 
bile peritonitis 

17.4 

6 

F 

Chronic ulcerative colitis, ileostomj’ 

18.4 

7 

hi 

Encephalomalacia, mild cerebro-vascu- 
lar hemorrhage 

18.3 

s 

hi 

Epistaxis of 24 hours’ duration 

18.8 

9 

F 

Chronic cholecystitis and cholelithiasis 

19.6 

10 

hi 

Acute arsenic hepatitis (patient had 
received B A L) 

16.5 

11 

F 

Chronic glomerulonephritis, diabetes 
mellitus 

17.7 

12 

hi 

Biliar 3 ' cirrhosis (patient had received 
vitamin K) 

17.5 

13 

hi 

Acute rheumatic fever (patient had 
received salicjdates) 

19.0 

1 


of subsiding acute cholecystitis. Dilute prothrombin time preoperativel}’’ was 
1/.4 seconds. At operation, the gallbladder was found in a mass of adhesions 
and there was bile peritonitis. Dilute prothrombin times postopera tivel 5 ’' con- 
tinued to be rapid, var 3 '^ing from 16.6 to 20.3 seconds. The patient in Case 
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10 had arsenic hepatitis. Thi.s patient was placed on B A L therapj*, and 
the dilute prothrombin time showed the most rapid reading in the series, 16.5 
seconds. Case 12 represents a 41 year old white man who entered the hospital 
■^rith a diagnosis of biliarr* cirrhosis. At this time, the icterus index was 76, 
and the dilute prothrombin time was Avithin normal limits, the reading being 
20.7 seconds. After a bout of alcoholism, the patient aa'rs readmitted Anth a 
hATioprothrombinemia and ictems index of 128. Vitamin K Avas administered 
and the prothrombin leA'el steadilA' increased until ten daA's after admission 
when the prothrombin time Avas accelerated to 17.5 seconds. 

On the other hand, there Avere 27 patients AA-ith A'arious tA-pes of thrombo- 
embolic disease AA'hose dilute prothrombin times AA ere normal or in the hApopro- 
thrombinemic IcA'el (Table 3). Myocardial infarction is included as thrombo- 
embolic disease because of the knoAAm occurrence of mural thrombosis and the 
frequencA' of thromboembolic complications. In 17 patients AA'ith uncomplicated 

TABLE 3 

Dlagxosis of Patients with Thro-aiboembolic Disease in Whom Dilcted Plasji.a. 

Rea-ealed Noraial or Slow Prothroaibin Tiaies 


DLACKOSIS j KUITBEE OF PAXIEKXS 

j 

Phlebothrombosis 2 

Thrombophlebitis i 3 

Phlebothrombosis and pulmonary embolism j 3 

Pulmonary embolism following septal myocardial infarction { 1 

Renal infarction from left auricular thrombus | 1 

^Myocardial infarction | 17 


Total I 27 


myocardial infarction determinations of the dilute prothrombin time AA-ere made 
from one to forty-seA'en days after the onset of infarction. 

DISCUSSIOX 

From the aboA'e data, there is little support for the belief that accelerated 
dilute prothrombin time may be considered as a premonitorA* sign or as diagnostic 
of thrombosis or embolism. While the number of thromboembolic cases in 
AA'hich normal or sIoaa' dilute prothrombin times occurred aa'us small, considerable 
importance can be attached to their occuiTcnce. Only 3 of a total of 13 patients 
with thrombeoembolic disease, e.xcluding uncomplicated myocardial infarction, 
shoAA'ed acceleration. The acceleration AA'hich AA-as displayed aa'us minimal as 
compared to the group of patients haring nonthromboembolic diseases AAith 
accelerated reactions. 

The AAide range of dilute prothrombin times in normal persons does not appear 
to be an error inherent in the test. A sufficient number of duplicate samples 
Avas tested to assure accuracy of the method. A rigid technic also helped to 
control tiie procedure. Vffiere the three readings did not agree within 0.5 
second, the entire test AA-as repeated. The same technician performed all of the 
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tests reported in this series. The variation in prothrombin times of normal 
persons is considered as a difference in the prothrombin activitj of normal 
plasmas. The probability exists that use of a greater number of normal controls 
might enlarge the range which maj' still be deemed normal. 

Absence of acceleration in the small number of cases of myocardial infarction 
reported suggests that the success of Dicumarol therapy in these cases is not 
related to reduction in excess circulating prothrombin as proposed by Peters 
cl alJ The occurrence of accelerated reactions noted in the patients with non- 
thromboembolic disease is difficult to explain. The cause of the acceleration 
is unknown and must await further elucidation of the nature of prothrombin. 


smm.iRY 

Analysis is reported of 500 determinations of plasma prothrombin, performed 
by the dilute method utilizing barium sulfate-treated plasma as the diluent. 
Thirteen patients were encountered with accelerated reactions and onlj' three 
of them had thromboembolic disease; while 27 patients with thromboembolic 
disease showed normal or h3T3oprothrombinemic readings. It was concluded 
that acceleration in the dilute prothrombin reaction was not suggestive evidence 
of a tendencj' to the occurrence of thrombosis or embolism. The accelerated 
dilute prothrombin determination, therefore, cannot be used as a predictive or 
diagnostic sign of thromboembolic disease. 

The cause of acceleration in the dilute prothrombin determination is not 
known. Its frequent occurrence, however, in earlj' disease of the liver was noted. 


Acknowledgment: The technical help of Miss Rose Man' Teresi, M.T. (.4,.S.C.P.), is 
sincerelj' appreciated by the authors. 

REFERENCES 

1. Brambel, C. E.: Thromboplastic reagent; development of more suitable preparation 

for measuring accelerated clotting tendency and for use following administration of 
dicoumarin (3,3' methylene-bis-[4-h3'drox}'coumarin]). Arch. Surg., 60: 137-147, 
1945. 

2. CoTLOVE, E._A., -AXD VoRziMER, J. J.; Serial prothrombin estimations in cardiac 

patients: diagnostic and therapeutic implications; use of Dicumarol. Ann. Int. 
Med., 24; 648-665, 1946, 

3. DE Tarats.: Heparin tolerance; a test of the clotting mechanism. Surg. Gynec. and 

Obst., 77: 31-39, 1943. 

4. Field, J. B., L.arsex, E. G., Spero, L., .\xd Lixk, K, P.: Studies on the hemorrhagic 

sweet clover disease III; hyperprothrombinemia induced by methylxanthines and 
j^^efiMt on action of 3,3'-methyIenebis (4 hvdroxj'coumarin). J. Biol. Chem., 166: 
725-737, 1944, 

5. Field, J. B., and Lixk, K. P. : Note on hvperprothrombinemia induced by vitamin K, 

J. Biol. Chem., 166: 739-741, 1944. 

6. Gilbert, N. C., Dey, F., axd Trump, R.: The effect of the methylated xanthines on the 
^ clottingtime of the blood. J. Lab. and Clin. Med., 32: 28-33, 1947. 

<. Feters, H._R., Guyther, J. R., axd Brambel, C, E.; Dicumarol in acute coronary 
thrombosis. J A. M. A., 130: 398-403, 1946. 

0. Kosexfield, R. E., axd Tuft, H. S.: Estimation of prothrombin level from prothrom- 

bin time. Am.J. Clin. Path., 17: 405^:12, 1947. 

9. k^cherf, C., axd Schlachm.ax, AI.: The effect of methjdxanthines on the prothrombin 
in Q and the coagulation of the blood. Am. J. M. Sc., 212: 83-89, 1946. 

. dhapiro, b.: Hyperprothrombinemia, a premonitorv sign of embolization. Exper. 

Med. and Surg., 2: 103-109, 1944. 

1. Shapiro, S., axd Richards, R. K,: The prothrombin response to large doses of S 5 m- 

io ^ disease. Ann. Int. Med., 22: 841-851, 1945. 

1-. biiAPiRO, S., Sherwix, B., Redish, yi., axd C.ampbell, H. a.: Prothrombin esti- 

and clinical interpretations. Proc. Soc. Exper, Biol, and Med., 

oO: 8o-9o, 194o. 



^'ARIATIONS IN PROTHROIMBIN AND ANTITHROAIBIN IN 
PATIENTS WITH THROAIBOSING TENDENCIES'^ 


JIAEGARET HUEX, B.A., NELSON W. BARKER, :M.D., axd FRANK D. I^IANN, M.D. 

From the Department of Clinical Pathology, Mayo Foundation, and the Divisions of Medicine 
and Clinical Laboratories, Mayo Clinic, Rochester, Minnesota 

The advent of anticoagulant therap3' in the treatment of thromboembolic 
diseases has brought about a particular interest in the studj' of blood coagulation 
in patients with thrombosing tendencies. The possibihtj' of some quantitative 
or qualitative change in the factoi'S involved in the coagulation process cannot 
■be ignored. Shapiro^' has reported that InTjerprothrombinemia frequent!}' 
accompanies the developmental stage of thrombophlebitis or pulmonary 
‘■'thromboembolization” or both. He recommended the use of 12.5 per cent 
plasma to detect this increase in prothrombin. Brambeb oijserved an increased 
clotting rate when he determined prothrombin time on 12.5 per cent plasma, in 
various thrombosing conditions, ^'olkert and Piper" in a study of G patients 
with recurrent pulmonary infarction found an increase of 100 per cent in the 
variable antithi-ombin component of the blood. In patients with less pronounced 
thrombotic conditions, normal values were found. Nielsen^ failed to demon- 
strate variations from the noi-mal antithrombin in 6 patients with established 
thrombosis. 

In a study of various coagulation factors in a series of patients with clinical 
intravascular thrombosis and embolism we determined the prothrombin by both 
the Quick and the two-stage method and also the antithrombic acti-vuty of the 
serum of G3 such patients. 

This series of patients included the following: 18 with arteriosclerosis ob- 
literans (two of whom subsequently died of postoperative pulmonary embolism), 
15 with thrombo-angiitis obliterans, 3 uith peripheral arterial embolism, 8 with 
old thrombophlebitis, 17 with acute tlirombophlebitis (3 of whom also had had 
recent pulmonaiy embolism) and 2 who had had pulmonar}' embolism without 
clinical e\adence of thromboplilebitis. 

itETHODS 

The Quick prothrombin test as previously described® was employed. Stand- 
ardized thromboplastin prepared in this laboratory was used in 2G cases (Table 
1); thromboplastin (The iMaltine Company), in 20 other cases. In all instances 
the actixaty of indi\'idual preparations of thromboplastin was tested by the 
determination of prothrombin time on plasmas of selected normals using both 
undiluted plasma and plasma diluted u'ith physiologic salt solution. 

Prothrombin was determined b.v a modification of Herbert’s (two-stage) 
method using commercially available reagents.-® Serum antithrombin was 
determined by a modification of the method of Astrup and Darling using com- 

* Received for publication, June 2S, 1947. - 
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mercial preparations of thrombin and fibrinogen/ One or more normal plasmas 
were used as controls each time the determinations of prothrombin and anti- 
tlirombin were performed. 


RESULTS 

No clear-cut differences Avere observed between the various tj^pes of throm- 
bosing diseases studied. The patients as a single group were therefore compared 
with the normal (Tables 1 and 2). 


TABLE 1 


Values of Prothrombin (Quick’s Method) in Undiluted and Diluted Plasma 
IN Persons with a Thrombosing Tendencv 


FLASiTA CONCENTRATION’ 

1 

CASES 

1 

RANGE OF PROTUROifBIN’i 
VALUES 
per cent 

A\'ERACE PROTHROXIBIX 
\'ALUE j 

Per cent ! 

EXPECTED PROTHROiTBIN 
VALUE 

Per cent 

Undiluted 

02 

50-100 

SI 

100 

20 per cent 

26 

11-25 

17 

20 

12.5 per cent 

26 

9-14.5 

11.6 

12.5 


TABLE 2 

Comparison Between Norm.al Persons and Those Showing a Thrombosing Tendencv, 
IN the Values of Prothrombin (Two-Stage Method) and Antithbombin 



NORMAL 1 

thrombosing DISEASES 

Total cases, two-stage prothrombin deter- 
minations 

1 

30 

39 

Range of values 

78-119% 

45-191% 

Average 

100% ; 


Number of cases aboA’e 120% 

0 i 

10 

Number of cases beloAv 80% 

1 

8 

Total cases, antitbrombin determinations.. 

47 

57 

Range of values 

73-119% 

65-154% 

Average 

100%, 

99% 

Number of cases above 120% 

0 

8 

Number of cases below 80% 

1 

10 


Antithrombin and two-stage prothrombin values for a considerable proportion 
of the thrombosing patients ivere found to lie outside the obser\’'ed noimal range. 
These patients shoAved equal tendencies toward high and Ioav A’alues, so that the 
aA’erage for the gi’oup represented a normal Amiue. Prothrombin leA^els by the 
Quick method (Table 1) on both diluted and undiluted plasma shoAA'ed a slightly 
but definitely subnormal trend. Percentage leA’els of prothi’ombin AA'ere calcu- 
lated by interpolation from the cuiwe established for the standard thrombo- 
plastin used in this laboratoiy. W^ien thromboplastin (The Maltine Company) 
Avas used in the determination of prothrombin time in 20 cases, a shortened 
time with the 12.5 per cent plasma AA'as obseived in only one instance. Of the 
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10 cases with prothrombin above 120 per cent of normal (in one case reaching 
191 per cent of noiTnal), none showed h^'perprothrombinemia as measured 1)3* 
the deteiTOination of prothrombin time on diluted plasma. In this stud}', 
therefore, the determination of prothrombin time on diluted plasma gave no 
more infonnation than the determination on undiluted plasma. 

COilMEXT 

The principal justification for presenting these largeh' negative observations 
is that there is good reason to suspect some derangement of the coagulation 
process in man}* patients who have a tendenc}' toward thrombosis. From a 
clinical point of view, vascular pathologic changes often seem inadequate as the 
sole explanation of intravascular thrombosis. Laboratoiy evidence, such as the 
coagulation time of heparinized blood in vitro, in a general wa}' indicates some 
abnonnalit}', but no knon-n specific coagulation factor has been conclusiveh' 
implicated. The variations from normal herein reported also seem best inter- 
preted as indicating some disturbance of the coagulation mechanism but the 
factors actualh' studied do not appear to be primaril}* concerned. With regard 
to the contention that h 3 'perprothrombineraia ma}' be detectable onh' in diluted 
plasma, it ma\' be worth while to call attention to the evidence presented b}' 
Deutsch and Gerarde- indicating that fibrinogen concentration ma}' be a limiting 
factor in the prothrombin times obtained with saline-diluted plasmas. Un- 
usualh' short prothrombin times ^with 12.5 per cent plasma thus ma}' repre.sent 
increases in fibrinogen, a change of frequent occurrence but probabh' of question- 
able .significance, in thrombosing tendencies. 

SUMMARY 

In a series of patients with various thrombosing tendencies, levels of anti- 
thrombin and prothrombin were often outside of obserced normal limits. Low 
and high values, however, were encountered in equal numbers. The dilution of 
plasma in order to detect variations in prothrombin value (one-stage method) 
added nothing to the determination on undiluted plasma. 
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VARIATIONS IN PROTHROMBIN AND ANTITHROIMBIN FOLLOWING 
THE ADjMINISTRATION OF DICUMAROL* 

AIARGARET HURIS', B.A., NELSON W. BARKER, AI.D., 

AND FRANK D. MANN, M.D. 

From the Department of Clinical Pathology, Mayo Foundation, and the Divisions of 
Medicine and Clinical Laboratories, Mayo Clinic, Rochester, Minnesota, 

Alanj^ papers have been vritten vhich stress the importance of the prothrombin 
time test as a guide to the administi'ation of Dicumarol. In the determination 
of the prothrombin time, the one-stage method of Quick or some modification of 
it has been emplo 3 ’’ed. This method consists in the determination of the clotting 
time of oxalated plasma at 37.5 C. after the addition of an excess of thrombo- 
plastin and a fixed amount of calcium. The time thus oljtained is dependent on 
the convei’sion time of protlrrombin to thrombin as well as on the amount of 
prothrombin present in the blood. 

The two-stage method, originallj’- described bj' Warner, Brinkhous and Smith,® 
has not been used clinicallj'- after the administration of Dicumarol because it is 
time-consuming. This method utihzes the biphasic nature of the clotting reac- 
tion. In the prothrombin conversion stage, prothrombin is converted to throm- 
bin with an optimal amount of calcium and an excess of thromboplastin. In the 
clotting stage, the amount of thrombin is measured bj’’ the time required for the 
clotting of a standard fibrinogen solution. 

In few instances have tests bj’' these two methods been performed simultane- 
ousl 3 ^ Higher levels of prothrombin with the Qiuck method have been reported, 
however, in normal infants,-* dogs and rabbits" and in patients with pernicious 
anemia® and with hepatic disease.® In noimal persons the two methods agi'ee 
verj^ well. 

Since the amount of prothrombin in the blood is reduced bj' Dicumarol therapj’-, 
it was decided to determine prothrombin bj' both the one-stage and the two-stage 
methods after the administration of Dicumarol. It was further decided to deter- 
mine the anti thrombin content of the blood at the same time. 


METHODS FOR THE DETERMNATION OP PROTHROMBIN 

One-stage method. The method of Quick as previously described* -svas employed using a 
standardized thromboplastin. 

3 ico-stage method. A modification of Herbert’s method -n-as emploj’-ed using commer- 
cially available reagents.^ With this technic, 30 normal persons showed prothrombin levels 
of from 244 to 378 units per cubic centimeter of plasma, the average being 317 units. 


METHOD FOR THE DETERJHNATION OF AXTITHROMBIN 

A. modification of Astrup and Darling’s method was employed using commercially avail- 
able reagents.- The standard for antithrombin was established on 47 normal persons as 
described. The range of normal variation observed was from 73 per cent to 119 per cent of 


* Received for publication, June 28, 1947, 
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the normal average. One or more normal plasmas w'ere used as controls each time the deter- 
minations of prothrombin and antifhrombin were performed. It was necessary to use the 
same normal subjects on numerous occasions. This procedure enabled one to check any 
possible daily fluctuation in the acti\-ity of the reagents used. 

RESULTS 

In the beginning of this study, plasmas showing different degrees of prothrom- 
bin deficiency as measured by the Quick test were selected at random and the 
amount of prothrombin was determined by the two-stage method. The pro- 
thrombin times in seconds indicated the Quick test were expressed in terms 
of percentage of normal prothrombin using an average dilution cun'e of noimal 
plasmas (that is, if a prothrombin time of 35 seconds is obtained on a 20 per cent 
concentration of noi-mal plasma, then an unknown plasma gi^^ng a prothrombin 
time of 35 seconds may for puiposes of comparison be said to contain 20 per cent 
of normal prothrombin). Percentages of nonnal prothrombin as measured by 
the Quick method were then compared with percentages of normal prothrombin 


TABLE 1 

Sni’cx.TAXEot-s Oxe-Stage axd Two-Stage PHOTHRonBix Valites ox P.^teexts Receivixg 

Dicvmaroe 


J 

1 

j 

spEcncE:; 


j 

I 1 2 1 3 1 4 [ S : 6 ! 7 j 8 j 9 

! JO 

Percentage normal prothrombin 

(one-stage method) 

IlliHHHIHiHlllHHHIHHHiH 


Percentage normal prothrombin 

i 62 1 56 j 46 1 75 1 49 : 56 i 39 ! 35 i 76 j 

‘ 34 

(two-stage method) 

i ! ; ■ i { f i 1 

> 


as measured bj* the two-stage method.* In many instances, results obtained 
'with the two methods were comparable. In many othere, marked differences 
were obser\*ed, the Quick test u.sualh' indicating the lower level of prothrombin 
(Table 1). 

After repeated determinations on seven different patients, it soon liecame 
apparent tliat the differences in levels or amounts of prothrombin obtained by 
the two methods were somewhat dependent on the inten-al of time which had 
elapsed since administration of the initial dose of Dicumarol and on the total 
amount of Dicumarol which had been administered: the differences were more 
marked in some patients than in others. 

* In normal plasmas, the percentage of norma! prothrombin may be more than 100 as 
measured b.v the two-stage method; that is, prothrombin maj* be in e.vcess of the average 
normal value. With the Quick test, any increase above the nonnal prothrombin cannot be 
demonstrated. With the method of Quick emploj'ed, an increase in prothrombin time of 
only two seconds may represent a decrease to SO per cent of normal prothrombin. tVhen. 
comparing relative changes in prothrombin activit.v resulting from Dicumarol therapy, 
relative differences between the two methods can best be compared when the prothrombin 
by both methods i.s less than SO per cent of normal. 
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Days 

staee'^inetl^dsl^^nH* prothrombin (as determined by one-stage and two- 

dlSs of the dm™ " ^ " relatively transient effect from 
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Daih^ determinations of prothrombin -n'ere then performed on eight different 
persons. The length of time each was studied varied from seven to fifteen da^’s. 
Results obtained on three patients are shown in Figm-es 1 to 3. 



Fig. 2. The effect of Dicumarol on prothrombin (as determined b\' one-stage and two- 
stage methods) and antithrombin in a patient shelving a relatively prolonged effect of four 
initial doses of the drug. 

In the eight patients who had received Dicumarol, lower levels of prothrombin 
were indicated by the Quick test than by the two-stage test early in the course of 
treatment. After administration of Dicumarol was discontinued and its effect 
diminished there was a tendency for this difference to disappear and finaih' for 
the Quick test to indicate slightly higher levels of prothrombin than those ob- 
tained -with the two-stage test. 
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Since numerous workers have preferred to use diluted plasma instead of, or in 
addition to, the undiluted plasma in the one-stage method, prothrombin times 
were also determined on 50, 20 and 12.5 per cent plasma except in those instances 
in which the higher dilutions gave unsatisfactorj’’ results. As plasmas became 



Fig. 3. The effect of Dicumarol on prothrombin (as determined by one-stage and two- 
staee methods) and antithrombin in a patient who was relativelj* resistant to the drug. 

more deficient in prothrombin (Quick test) the calculated prothrombin per- 
centage on dilutions usuall 3 ’' indicated higher levels, although thej’’ were still 
raarkedlj" lower than those with the two-stage test. As prothrombin time (Quick 
test) returned to normal, calculated percentages with diluted plasmas were still 
liigher than those calculated from undiluted plasmas, a fact which made the in- 
crease above the two-stage values even greater. 
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On numerous occasions, elevated antitlirombins were obsen-ed on the random 
samples of plasmas first studied. Wlien daily serum antithrombin determina- 
tions were performed on the eight selected patients a 40 to 80 per cent increase 
in antitlu-ombin acti\'ity was obsexwed after the administration of Dicumarol. 
Within certain limits, this increase was rather closely correlated vith the decrease 
in prothrombin. 


COMJEENT 

Instances of higher levels of prothrombin determined by the one-stage method 
have been explained bj* the originators of the two-stage method as being due to 
an increased rate of convemion of prothrombin to thrombin. Quick^ has ex- 
plained this difference in residts obtained with the two methods on the basis of 
incomplete convereion of the prothi-ombin in the higher dilutions required b}* the 
two-stage technic. 

In noi-mal plasma after storage, lower levels of prothrombin are indicated b}' 
the Quick method.^ With plasma of patients treated with Dicumarol the Quick 
test also gives lower values than the two-stage procedure. The question must be 

considered whether the obsen'ed increase in antithrombin mav affect the assav 

•• 

values for prothrombin. U the lower values obtained vith the Quick method 
are to be attributed to the influence of antithrombin, then the one-stage method 
must be more affected by antithrombin than the two-stage method. However, 
when nomaal plasma was diluted vith four volumes of plasma having a value of 
antithrombin of 2Q0 per cent and of prothrombin of less than 5 per cent, the pro- 
thrombin time was that of nonnal plasma similarly diluted with prothrombin-free 
plasma. It wiU also be noted (Figs. 1 to 3) that as the effect of Diciunarol di- 
minished, the prothrombin by the one-stage method equaled or exceeded the 
two-stage values while antithrombin remained distinctly elevated. With the 
information available at the present time, the lower levels indicated by the Quick 
method can best be explained on the basis of a decreased rate of conversion of 
prothi-ombin to thi-ombin. It is not to be e.xpected that results obtained with 
the one-stage and two-stage methods will necessarily agree although information 
from either test maj' be useful. Since ordinarily coagulation occurs when onh' 
a small fraction of the total prothrombin has been converted to thrombin, it is 
e\'ident that the rate of conversion is usually more important than the total 
amount of prothrombin. Hence the Quick test, in which conversion rate mark- 
edly influences the observed prothrombin time, has proved to be the indispen- 
sable guide to Dicumarol therapy. A combination of the two-stage and the 
one-stage procedure jdelds specific information regarding the rate of conversion. 

SUMXLARY 

By both the two-stage method and the Quick method, a marked decrease in 
prothrombin level was obsen'ed after the administration of Dicumarol. 

Early in the course of the Dicumarol therapy, the levels of prothrombin as 
established by the Quick test were always less than, often less than one-half, 
those obtained with the two-stage method. WTien administration of Dicumarol 
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■was discontinued, there -was a tendency for this difference to disappear and finally 
for the one-stage method to give slightl 5 ’- liigher values than the t-^vo-stage 
method. This difference in results obtained with the two methods would seem 
to indicate a decreased rate of conversion of prothrombin to thrombin. 

In all instances there was an increase in the antithrombin activity of the serum 
after the administration of Dicumarol. 
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ANTHRAX AIENINGITIS. 

Report of a Case of Internal AnthPwAX R,ecovery* 

ROBERT H. SHANAHAX, M.D., JOSEPH R. GRIEFIX. il.D., ami 
ALFRED P. VON- AUERSPERG, AI.D. 

From the Department of Medicine, St. John's Riverside Hospital, Yonkers, Xew York 

Anthrax meningitis has always Ijeen considered malignant and we have been 
unable to find am- reports in the literature of its successful treatment. Fa- 
vorable results, however, have been reported of the use of penicillin in experi- 
mental animal anthrax^ and there are also recent reports of the cure of cutaneous 
anthrax in man by the use of penicillin.^ 

A resume of 66 cases of anthrax at the Alexander Smith and Sons Carpet 
Gompanj'" revealed four deaths. One case was complicated by diabetes mellitus, 
and the other three patients died of anthrax meningitis. 

REPORT OF CASE 

A Avhite man, aged 57, was employed as a wool picker at the carpet shop for 
two weeks. He presented himself at the infirmarj' on September 23, 1946, 
showing a vesicular lesion on the upper lip, 0.5 cm. in diameter, surroimded 
b}' edema, which had been present for twenty-four hours. Anthrax was sus- 
pected, the patient was hospitalized at once, and a culture and smear were made 
from the lesion. Numerous gram-positive bacilli haxdng the morpholog}- of 
B. anihracis were seen and a culture and inoculation of a mouse confirmed the 
diagnosis of anthrax infection. 

First day of hospitalizaiion {Seplemher 2ff). The initial treatment consisted 
of 100,000 tmits of penicilHn followed by 100 cc. of antianthrax semm (Lederle 
Laboratories, Inc., New York, N. Y.) both of which were given intramuscularly. 

Second day. The temperature rose to 102 F. and the right submaxillarj* hunph 
glands became enlarged. Pain and bulging behind the right eye indicated 
pressure, suggesting cavernous sinus thrombosis. During the night, it was 
noted that the patient developed some twitching in the arms and face; he com- 
plained of pain in the back of the neck. Cultures of blood and pus were positive 
for B. anihracis. 

A spinal tap was performed and the fluid appeared clear, the cell count was 
0, the sugar, chloride and glolDulin were ail normal. A culture of the cerebro- 
spinal fluid was taken and a guinea pig inoculation was performed. Despite 
the normal microscopic and chemical findings, meningeal involvement was sus- 
pected and 30,000 units of penicillin were injected intrathecally. The patient 
was given 4 gm. of sulfadiazine initially, followed by 1 gm. eveiy four hours. 
Culture was made and B. anihracis was isolated from the otherwise negative 
spinal fluid. 

* Received for publication, June 2.3, 1947. 
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Eight hours later, the temperature rose to 103.8 F. and the patient developed 
rigidit}' of the neck, a Kernig’s sign, and a Babinski’s sign. A second spinal 
tap at this time revealed very cloud 5 ’’ fluid, a cell count of 3500 cells per cu. 
mm., 4 plus globulin, negative sugar, 1200 mg. protein, and 760 mg. chloride. 


*• V-. • V 


4 , 

v; 


Fig. 1. Photograph of patient taken October 1, 1946, on eighth claj’ of hospitalization. 

Tventt' thousand units of penicillin ivere again injected intrathecallj’", and cul- 
tuies Mere again made and reported as positive twenty-four hours later. 

Third day. During the night, the temperature began to fall; by 8:00 A.M. 
it was 102 F. Another spinal tap was performed. The cell count was 328 
pei cu. mm., sugar 0, globulin 0. Twenty thousand units of penicillin were 
injected intrathecally and a spinal tap at 7:00 P.M. revealed 42 cells per cu. 
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mm. T-vventy thousand units of penicillin were again injected intrathecally 
and bj" midnight the temperature was 100 F. Culture of this fluid was positive 
for B. anlhracis. 

Fourlh day. A spinal fluid examination at 8:00 A.]\I. revealed a cell count 
of 22 cells per cu. mm., normal reduction of sugar and negative globulin. An- 
other 20,000 units of peniciUin were administered intrathecaU^x Culture of 
the spinal fluid Avas negatiAm. 

Fifth io eighth days. The patient’s temperature remained AA'ithin normal 
hmits: his meningeal irritation slowlj* disappeared and the lesion took on the 
appearance of a black, gangrenous, crusted area measuring 1.5 cm. in diameter. 
The edema surrounding the area disappeared and the enlarged glands in the neck 
also subsided. 


TABLE 1 

SOIALART OF MeDIC.ATIOX GiA'EX TO PaTIEXT IN' TREATMENT OF -AnTHRAX INFECTION' OF 

Lip .and 'Men'inges 


1. Total of 500 cc. of antianthrax serum intramuscularh": 100 cc. giA^en September 2-3 

1946, and 50 cc. given everj- eight hours thereafter for S doses, up to September 27 
1946. 

2. Total of 110,000 units of penicillin intrathecalh': 30,000 units given initially followed by 

20,000 units CA^ery twelve hours for 5 doses. 

3. Total of 4,400,000 units of penicillin intramuscularly; 100,000 units giA^en eA-erj- three 
jl ! hours from September 23 to September 27, 1946, and 50,000 units giA-en every three 

hours from September 27 to September 30, 1946. 

4. Continuous 1:4000 wet penicillin dressing to lesion. 

5. Total of 2S gm. sulfadiazine: Four gm. giA'en initialh* followed by 1 gm. CA'erj* four 

hours from September 24 to September 28, 1946. 


Ninth day. The patient deA- eloped the following SA-mptoms of senim sickness: 
pmritus, urticaria, back pain and a mild rise in temperature. All of these 
SA'mptoms disappeared Avithin the next tA\'o days. 

Fifteenth day. The hard crusted lesion dropped off the upper Up leaAing no 
Aisible scar. 

Twenty-eighth day. The patient Avas able to report back to Avork. 

SUAIALABY ^VXD COXCLUSIOXS 

From a rcAicAS' of the literature and from the cases of infection at a carpet 
shop, one is impressed A\ith the folloAAing facts: 

1. TiTiile anthrax infection is rare, its occm-rence among wool Avorkers is 
sufficiently frequent that one should alAA'ays be suspicious of cutaneous lesions 
in such AA'orkers. 

2. The incidence of meningeal inA'olA'ement in anthrax infection is about 5 
per cent. In the treatment of anthrax one should be constantly on the alert 
for eA-idence of meningeal inA'oh'ement. 

3. Treatment for meningeal anthrax infection should be instituted immediately 
upon clinical eAudence of meningeal irritation. In the case reported here, the 
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appearance of the first spinal fluid taken was entirelj" negative but mouse inocu- 
lation was positive and culture was reported positive twent 5 ’'-four hours after 
the treatment was started. There was excellent response to the medication 
which consisted of penicillin intramuscularly and intrathecally, and locally to 
a skin lesion, antianthrax serum intramuscularl}’' and sulfadiazine by mouth. 

4. Owing to the rapid development of meningeal involvement in anthrax 
infection, it appears that antianthrax serum alone is ineffective, but in this 
case the penicillin may have inhibited the growth of the organisms until the 
antiserum had sufficient time to act. Inasmuch as previous cases of anthrax 
meningitis treated without penicillin all terminated fatall}’-, one may speculate 
on a sjTiergistic action between the antianthrax serum and penicillin in this case. 
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DEATHS FOLLOWING USE OF ABOETIFACIENT PASTE. 

Report of Tr'o Cases* 

WILLIAM lOJLKA, ]M.D. 

From the Cuyahoga County Coroner’s Office, Cleveland, Ohio 

The use of an abortifacient paste to supplant operative intervention was 
initiated bj' Heiser of Berlin and advocated by Leunbach of Copenliagen in 
1931. The first favorable articles in the Gei-man medical press, however, were 
quicklj' followed by numerous reports emphasizing serious effects which followed 
the use of this paste. Several editonals in the Journal of the American iMedical 
Association® warned against its use. Re-sults of experiments conducted to 
demonstrate the deleterious effect of such preparations were published by Otto'^ 
and Brack^ in 1932. The pastes have appeared under the trade names of 
“interruptin’’ (Heiser), “provocol” (Leunbach) and “ultra jel” (in the United 
States). They consist essentially of soaps made from castor oil, cocoa butter 
or other vegetable oils, combined with iodine (If to 4 per cent of iodine), thjTuol 
and tincture of benzoin. In 1944, Weilerstein* described three sudden deaths 
in this Gormtiy caused by the use of this abortifacient. 

Weilerstein demonstrated some of the effects of the pastes in dogs and Straus 
and De Nosaquo® in rabbits and rats. These workers stated that necrosis of 
the uterine wall due to caustic action was sometimes delayed and difficult to 
differentiate from a perforating injury' due to a mechanical procedure. At 
autopsj* a careful investigation ma}- be necessaiy to determine the role played 
by the paste. 

The following two case reports are from the records of the Cuyahoga County 
Coroner’s Office. In the first case, death occurred about two and one-half 
months after the injection of the paste which had resulted in incomplete abortion 
and extensive necrosis of the uterine wall followed by general peritonitis. In 
the second case, sudden death occurred a few hours after an attempted abortion 
by use of a paste. The patient had presented s\Taptoms of pulmonarj^ embolism ; 
emboli were found which were composed of fathke particles and particles of 
damaged placenta. 


REPORT OF CASES 

Case 1 

Clinical data. A 20 j’ear old white vroman died wdth bilateral parametrial abscesses and 
symptoms of general peritonitis. The parametrial abscesses had been drained and the 
patient had been subjected to intensive treatment with sulfa drugs and penicillin. The 
remnants of a placenta and an embryo of about two months’ gestation had been removed 
bi' instruments approximatelj' two months after the attempted abortion. 

Gross findings. The body was jaundiced and somewhat emaciated. Foul smelling, 
cloudy, yellowish green fluid exuded from the vagina. On opening the abdomen, there was 


* Received for publication, April 5, 1947. 
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a yellowish green discoloration of the peritoneum, multiple recent adhesions of the grayish 
red coils of the small intestine to the posterior wall of the fundus of the uterus, and of the 
sigmoid to the left lateral wall of the uterus and to the parametrium, obliterating the cul-de- 
sac. Both ovaries and tubes were included in the adhesions by the inflammatorj' process. 
The uterine body measured 6 cm. in length, 7 cm, in the frontal diameter and 3.5 cm. in the 
sagittal diameter. There was extensive necrosis of the uterine wall. On cross section, the 
necrosis was most marked in the lower portions above the inner cervdcal opening. The 
cervix measured 2 cm. in length, was gra 5 nsh red, thickened and edematous. The rugae of 
the graj-ish red vagina were well preserved. In the parametrial folds at either side of the 
uterus were cavities measuring about 3x2 cm. filled with foul smelling, cloudy, yellowish 
brown fluid. These ca\dties communicated posteriorly with the roof of the vagina through 
fistulous openings. Veins at both sides presented multiple thrombi. H 3 'postatic pneu- 
monia with recent pleural adhesions, mj'ocardial degeneration and hunphadenitis of the 
mesenteric and retroperitoneal Ij-mph nodes were also present. 

Microscopic findings. Sections of the uterine wall presented a picture of extensive co- 
agulative necrosis of the wall itself with destruction of the uterine mucosa; no remnants of 
placental tissue were seen. Masses of mononuclear and polj'morphonuclear white blood 
cells in a network of fibrin filled the stroma of the uterine wall and the parametrium. Sec- 
tions of the parametrium showed infiltration with round cells. Some thrombosed dilated 
veins were filled with clumps of amorphous material. Frozen sections of the uterine wall, 
stained with sudan III, revealed the red particles in the spaces between the bundles of 
muscle fibers (Spalten infiltration of Brack). The lajmrs of decidual cells and some phago- 
cjdes enclosed the fatlike granules. 


Case 2 

Clinical data. .A.30 j’ear old colored woman died suddenlj" in a doctor’s office after suffer- 
ing from lower abdominal pains and respirator\' distress. Her uterus was found to be 
enlarged and corresponded to a pregnancj' of from four to four and one-half months. 

Gross findings. The lungs were greath' e.xpanded and together weighed 1150 gm. The 
external surfaces and cross sections of the lungs were reddish pink with dark red areas. 
Cut surfaces remained on the level of the sections and a pinkish foam exuded. Pinkish 
frotln- fluid was found in the trachea and bronchi. The heart was relativeh- small but the 
right ventricle was dilated. There was some blood 3 ' fluid in the pericardial sac. The rugae 
of the vagina were flattened. There were two small superficial lacerations on each side of 
the cervix. The cervical canal was dilated to 15 x 18 mm. and was filled with a gra 3 ’ish 
brown, soft, jell 3 '-like material. The same kind of material was seen along the inside of the 
posterior wall of the lower uterine segment and was more pronounced on the left side than 
on the right side. The material felt soap 3 ', was alkaline in reaction and had a strong odor 
of iodine. An enlarged uterus extended half wa 3 ' between the umbilical line and the S 3 'm- 
ph 3 -sis; the veins in the parametrium were enlarged and filled with clotted material. No 
signs of perimetritis were noted. Enclosed in the uterus was an intact embiyonic sac ad- 
herent to the superior and anterior wall. The inferior pole of the embr 3 'onic sac showed a 
gra 3 'ish discoloration and was covered with a la 3 'er of soft material. The embr 3 'onic mem- 
branes in this area were edematous and loosened and also showed a gra'vish discoloration. 
The embr 3 'onic sac contained a male embr 3'0 17 cm. in length and about 150 cc. of 3 'ellowish 
cloud 3 ' fluid which had a soap 3 ' odor. The embr 3 'o showed no gross lesions. The placenta 
could be stripped off easih', and when removed, measured 11 cm. in diameter. The peri- 
metrium of the uterus was smooth. The uterine wall was h 3 'pertrophic corresponding with 
a pregnanc 3 ' of four and one-half months’ gestation. The veins in the left parametrium 

Fig. 1. (Case 2). Section from left parametrium showing necrosis and decidua-like 
reaction of and about walls of blood vessels. 

cleM^d giaS^*ll^^ Section of lung showing dilated capillaries, containing a multinu- 
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were markedly dilated and filled with clotted blood. There were no marked changes in the 
right parametrium. The right ovary contained a lutein body, 11 mm. in diameter. 

Microscopic findings. Eight sections of limg showed the alveoli to be irregularly 
widened and filled with a plasma-like material. The alveolar capillaries were irregularly 
widened, some greatly distended with blood while others were narrowed and emptied. 
Frequently, clumps of polymorphonuclear giant cells and particles of S 3 'ncytium were seen 
dilating and obstructing the pulmonary capillaries (Fig. 2). Frozen sections stained with 
Sudan III (12 sections) demonstrated that the small branches of the pulmonary artery and 
networks of capillaries of the alveoli were filled m'th a purplish red stained material.. There 
was hvpertroph}' of the musculature of the uterus. The mucosa was markedlj' flattened and 
was occupied bj' decidual cells. Frozen sections of the uterine wall taken from the dis- 
colored area and stained with Sudan III showed red stained particles in the decidua and in 
the spaces between the bundles of uterine muscle fibers. This corresponded to those 
previously described by Brack.‘ The chorionic villi were surrounded by a ring of s.vncytium 
and enclosed numerous Langhans cells. Some of the villi showed coagulative necrosis. 
The same tj'pe of necrosis was seen in the adjacent lajmrs of the cells of the decidua and of 
the walls of the enclosed vessels and capillaries. Groups of mononuclear and poh’’mor- 
phonuclear white blood cells surrounded the necrotic area. Cross sections taken from the 
left parametrium showed dilatation of the veins which were filled with a clotted material 
resembling the orange colored granular material described bj' Straus.® Occasionalljq a 
chorionic villus-Iike form was seen. The walls of some of the parametrial vessels showed 
coagulative necrosis (Fig. 1). Sections from the pituitary gland and from the breasts pre- 
sented evidences of pregnanej-. 


COMMENTS 

The use of a fat stain (suclan HI) facilitated the- findings of particles of the 
paste in the affected uterine tvall as well as in the lungs. The stained particles 
appeared purplish red and differed from the usual orange-red which ordinarily 
demonstrates the presence of fat. Controls of uterine tissue from both pregnant 
and nonpregnant individuals obtained at autopsy and treated in an identical 
manner failed to show such stained particles. 

The microscopic picture of the lungs of the patient in Case 2 differed markedl}’’ 
from that described b}^ Steiner and Lushbaugh,° in their cases of pulmonary 
embolism bj-- amniotic fluids which occurred during and following deliveiy. 

The appearance of syncytial giant cells derived from damaged chorionic villi 
during delivery, and more frequentlj"^, after puerperal eclampsia, or after manual 
or instrumental removal of the placenta and other manipulations, was described 
full}’^ bj' Celen.' However, the presence of a markedly’’ increased number of 
such forms in the pulmonary capillaries causing dilatation and obstruction in 
such an earh^ and grossl3'' intact pregnancj'’ as in Case 2 seems unusual. 

SUJIMAKY 

The autopsj' findings are described in two patients in whom death followed the 
injection of an abortifacient paste. In one patient, death occurred two and 
one-half months after the attempted abortion. Necrosis of the uterine wall, 
parametrial abscesses and generalized peritonitis were found. 

The second patient died suddenlj" of pulmonar3’’ embolism nothin a few hours 
aftei an attempt to cause abortion b3'' intra-uterine injection of the paste. The 
emboli n ei e composed of fatt3^ material and particles from the damaged chorionic 
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villi. There vas necrosis of some of the villi and vessels of the uterine wall 
but no apparent changes in the embrj’-o or the embiyonic sac. The presence 
of a pasty material was demonstrated bj* the technic used routinely for the 
demonstration of fat but the staining reaction was different from that of fat. 
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EDITORIALS 
The Phase Miceoscope 

The phase microscope, which was demonstrated for the first time in the 
United States in 1944 at the Cleveland Meeting of the American Association for 
the Advancement of Science, is now used in various general research institutes. 
It is also employed in the morphologic field of cancer research and eventually 
ma^^ be a useful apparatus in a histologic laboratoiy. Bennett (Bennett, A. 
H.: Phase microscopj’-, its development and utility. The Scientific Monthlj', 
63; 191-193, 1946) of the American Optical Company, and Bennett, Jupnik 
and co-workers (Bennett, A. H., Jupnik, H., Osterberg, H., Richards, 0. W.: 
Phase microscop 5 ^ Transactions of the American Microscopical Societ 3 % 45: 
99, 1946) have contributed much to the perfection and use of the phase micro- 
scope. The following paragi-aph is quoted from their articles. Von Albertini 
has used the phase microscope rather e.xtensiveh’^ and his more recent studies 
also nill be reviewed. 

There are man}’- microscopic materials which are transparent, or nearly so, 
whose details differ from their background in either refractive index or actual 
thickness, resulting in a difference in light path. The purpose of phase micro- 
scopy is to render such details visible with sufficient resolving power for their 
interpretation. Phase microscopy is advantageous for vie-vring structures, 
which have small differences in what is called the optical path. The optical 
path expressed in wave lengths “X” is equal to nt/X, where “t” is the thickness 
and “n” is the index of the refraction of the structure. The microscopic field 
may show small differences in light transmission only, which can be amplified 
in the image by the method of phase microscopy. In many cases unwanted 
details can be suppressed and others emphasized. These details may involve 
amplitude (transmission) or phase (optical path) differences, or both. Corres- 
ponding to a given phase and transmission difference in the specimen, suitable 
phase and absorption distributions are introduced elsewhere in the optical 
system in order to alter the contrast in the image. This method of A’arying 
contrast in the image by utilizing absorption and optical path differences in the 
optical system is called “phase mici-oscopy”, or “phase difference”, or “con- 
trast microscopy”. 

Von Albertini (von Albertini. A.: Vergleichende histologische Geschnailst- 
untei’suchungen mit dem Phasenkontrastverfahren. Schweiz. Ztschr. Path, 
u. Bakt., 10; 4-29, 1947) studied a number of malignant tumors by means of 
phase microscopy. The advantage of this method lies in the possibility of 
examining fresh tissue, unfixed and unstained. Teased preparations were used 
and also specimens obtained from washings of tumor tissues. By the use of 
phase microscopy it was shown that the tumor cells are not coherent and that 
nuclei and cytoplasms are not firmly bound together, but are easily separated. 
This phenomenon is called “inconstancy of the cytoplasm”. It cannot be 
obseiwed in fixed tissues and is demonstrable only by the use of phase micro- 
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scopy. This inconstancA- of the cytoplasm of tumor cells is indirectly propor- 
tional to the degree of the maturity of tumor cells. 

In stained preparations, examined by means of the standard microscope, 
attention is usually paid only to nuclear changes. In regard to the cytoplasm 
mention is made only of the presence of granules or droplets, and of the presence 
or absence of mucus. Changes within the cytoplasm can be studied better by 
phase microscopy. 

In the study of squamous cell carcinomas, phase microscopy is of special 
advantage. Stress is laid upon the presence of tonofibrils, desmosomes and 
intracellular bridges, which are present in and between normal squamous cells. 
Because of these structures, squamous cells are coherent. In instances of 
squamous cell carcinoma, however, these cohesions are lost early and the cells 
are either only loosely attached to one another or are free. Also the nuclei 
are not bound to the cytoplasm, but appear "naked”. The absence of tono- 
fibrils, desmosomes and intracellular bridges should, therefore, raise suspicion 
of earh' changes in the direction of m.ahgnancy. 

From the studj* of various tumors by means of both routinely stained sections 
and phase microscopy, von Albertini believes that in the determination of the 
degree of malignancj* not so much stress should be laid upon the degree of 
differentiation of the cells, but rather upon a determination of how much de- 
differentiation of the indmdual tumor cells is present. Dedifferentiation is used 
in the sense of lessened maturity of the cells and is regarded as being identical 
with cancerization. Characteristics of dedifferentiation, as obseived by phase 
microscopy, are “naked” nuclei surrounded by finely granular masses of endo- 
plasm. It is also noted that highly malignant tumoSs do not consist of firmly 
packed tissue, but rather of a thick liquid suspension of nuclei in dissolute 
masse.s of endoplasms. 

Chicago Otto S.vphir 


Ox The Technic or Public Speaking 

It is an old aphorism that a good speaker can make a drn* subject interesting 
and a poor speaker can make the most interesting subject thoroughly boring. It 
is, therefore, apropos to consider some of the attributes of a good speaker. 

Considerations for good speech require that enunciation should be clear, 
words should not be mouthed, sentences should be short, shaip and pointed. The 
lower jaw should be moved; the facial muscles should register the spirit of the 
remarks. Some of the old schools of oratorn' laid stress upon organized gestures, 
which resulted in an artificial, stilted t-n'pe of presentation. Gestures, when used, 
should be natural and not seem to have been prefabricated. The whole body 
should take part in this naturalness. Personal peculiarities seldom add to an 
address and are usualb’ tiring to an audience. Some speakers walk up and down 
the platform, others cultivate mannerisms much like an advertising agency which 
repeats and repeats a particular slogan to call attention to a product. In most 
medical presentations the emphasis should be on the message, and not on the 
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individual delivering it. Doctore who constantlj’- call attention to themselves 
are usually stigmatized sooner or later. 

The voice should rise and fall with the matter of the text, hlonotones are 
used only for special effects. It is usually better to speak just loud enough and 
not to shout or raise the v’-oice unduly. To speak too softly is to deprive a part 
of the audience of what they came to hear. The quantity of sound can be regu- 
lated by properly focusing the voice, not in the throat or behind the teeth, but 
just in front of the lips. The voice can be thrown out, so to speak, over the 
heads of the audience in an imaginarj’’ arc, the other end of which reaches just 
behind the last person in the room. The bones of the head and the air in the 
sinus"s can be made to vibrate, thus making overtones, increasing carrying power 
and making the quality of the voice more pleasant. Focusing the voice also 
avoids harshness and unnecessary strain on the muscles of the throat and lai’jmx. 

In English, the consonants are more important than the vowels. They should 
be emphasized when accentuation is wanted, leaving the vowels to take care of 
themselves. Thus, if a young man tells his beloved, “I love you”, and accents 
the “1” in love, she is more likel3’ to believe him. 

It is well to single out in the audience the one who looks the most inattentive 
and bored and speak directl}'^ to this indivddual. The rest w'ill probablj’' to be 
interested. 

Twenty minutes is about as long a time as an audience will listen to a serious 
discussion. If the address is to be longer, a storv’- should be told with a point 
apropos of the subject. A slight pause before the stor}" adds interest. Then ten 
minutes more of serious discussion can be giv’en and another stoiy told. 

Manj’’ speakers attempt to cov'er too much gi’ound in the time allotted. It is 
better to pick out one or two, or at the most, three points and driv^e them home. 
Audiences usuallj’- like a narrativ^'e stvde better than a highl}' foimal one. Add 
personal experiences from time to time about Mrs. A or Mrs. B. 

The several points to be emphasized should be well organized. It is not good 
speaking to repeat constantl}', retrace or reiterate, except for special purpose of 
emphasis. Hemming and hawing are anathema. Audiences enjo3’' being tnken 
into the speaker’s confidence, and this can be done 1)3’' acting and b3’’ tone of voice. 
Talking “dowTi” to audiences is seldom effective. If the speaker knows that the 
audience needs basic instruction, it can be done without seeming to do so; nor 
must one talk “ov’^er” his audience. A good speaker never assumes that his 
iistenere know as much as he, for if the3'^ did, the3^ would not bother to constitute 
themselves an audience. 

The tw^o chief purposes of addresses are to teach and to exhort; most speeches 
combine these tw'o purposes. The special difficult3’' in speaking on health matters 
lies in the use of technical language. People do not come to health meetings to 
be taught a language, but to learn facts. In truth, if one understands a subject 
well, he should be able to tell it to a seven 3'^ear old. The trick is never to use a 
technical word A^ithout defining it. Sometimes a Avhole sentence or eA’’en a para- 
graph in the vernacular should be used instead of one technical Avord. 
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Finally, a speaker should stop on time, because it is selfish and discourteous to 
encroach on the time of the next speaker. It is much better to conclude the talk 
and leave the audience wishing that the speaker would continue, rather than to 
exceed one’s allotted time while the audience wonders, ‘‘Oh, when will he stop 
talking?”. 

The whole matter warrants considerable effort. It matters httle how inter- 
ested and eager the audience; the speaker must be able to transmit his message. 

Philadelphia St.\xley P. Reimaxx 


sA 
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The X-ray Treatment of Accessible Cancer. B 3 ’' D. Waldron Smithers, M.D., D.M.R., 
Director of Radiotherapj' Departments, The Roj'al Cancer Hospital (Free) and the Roj'al 
Free Hospital; Radiotherapist Brompton Hospital for Diseases of the Chest; Associate 
Physician for Radiotherapy, West End Hospital for Nervous Diseases. 147 pp., 101 figs. 
SS.50. Baltimore; The Williams and Wilkins Company, 1946. 

This is a report of e.xperience with “short-distance low-voltage” or “contact” x-ray 
therapj' of accessible cancer extending over ten j'ears. Though meant primarilj' for the 
radiotherapist, the book contains a great deal of valuable information for the pathologist, 
especiallj' if he is connected with a tumor clinic. Chapters 3 and 4 deal with classification, 
keeping of records, changes in tumors due to irradiation, problems of biopsy, and with a new 
field of cytologic investigation: cell counts following irradiation. The final seven chapters 
take up the various forms of accessible cancer: skin, lip, nose, ear, eyelids, cornea, e.xternal 
genitalia, mouth, cer\dx, uteri and Ijunph node metastases. Onh' gross characteristics of 
the tumors are presented, as seen In' the radiologist. The presentation is clear and brief, 
but as complete as the subject requires. The illustrations are of high quality, including 
those in color, as are also the paper and the general appearance of the volume. A useful 
glossar 3 ' of clearl 3 ' worded definitions is appended. 

The pathologist pla 3 ’s an increasingh' important part in the grou-ing movement against 
cancer. This book may help him to take better advantage of the opportunities which his 
strategic position offers. 

Chicago I. Davidsohn 

The Modern Attack on Tuberculosis. Revised Edition. By Henry D. Chadwick, M.D., 
Superintendent of Westfield State Sanatorium (1909-1929); Tuberculosis Controller of 
the Cit 3 ' of Detroit (1933); Commissioner of Public Health of the Commonwealth of 
Massachusetts (1933-1938) ; Medical Director, Middlesex Tuberculosis Sanatorium (1938- 
1941); and Alton S. Pope, M.D., Chief, Bureau of Communicable Disease, Department 
of Health, Chicago (1926-1929); Deput 3 ' Commissioner of Public Health and Director 
of Division of Tuberculosis, Commonwealth of Massachusetts. 134 pp., 5 figs., 4 tables. 
81.00. New York: The Commonwealth Fund, 1946. 

This revised edition brings up-to-date the technic of tuberculosis case-finding and con- 
trol. The unwillingness of the public and, to some extent, of the medical profession to 
regard the disease as communicable has retarded its control. In man 3 ' states from 15 to 20 
per cent of cases are reported after death. The authors stress the fact that tuberculosis is 
becoming a disease of older men. The chapter on diagnostic procedure deals with the de- 
velopment of x-ra 3 ' equipment and discusses the use of the photofluorograph with the photo- 
electric timer, which is now in general use in mass surve 3 's. Bronchoscop 3 '- should be re- 
sorted to more frequentl 3 ’’ to clear up certain doubtful cases. The 3 ' do not regard B.C.G. 
immunization of the general population in the United States as a practical procedure. 
Adequate hospital and sanatorium beds are necessar 3 ' for the control of the disease. There 
are about 98,000 beds now available, which represents an approximate ratio of 1.7 beds to one 
death per 3 ’ear, the beds being distributed unevenl 3 ' throughout the countr 3 '. 

In the chapter on case-finding, the point is made that the most productive group for mass 
examination consists of the famil 3 ' contacts of sputum-positive patients, and of contacts 
of patients who have died of this disease. One state has reported an incidence of 8.0 per 
cent among contacts examined. The weakest link in the S 3 'stem of e.xamination of contacts 
is in securing consent for examination of older members of the famih*, especiall 3 ' of the male 
members, among whom the incidence of tuberculosis is highest. The importance is stressed 
of having ph 3 'sicians take routine .x-ra 3 ’ films of all patients, as well as of food-handlers, 
industrial emplo 3 ’ees, medical students, nurses, school teachers, school children and 
patients in mental and general hospitals. Mention is also made of the militar 3 ' inductees 



BOOK RETVaEWS 


733 


who were rejected for service because of x-ray findings of significant tuberculosis. This 
group averaged 1.15 per cent for the country at large and could be followed to advantage. 
An 3 ' case-finding program must have the support of the medical profession in order to insure 
its success. In a campaign to eradicate tuberculosis, information should be obtained on 
the number of cases of tuberculosis in the communitj-; the special racial, social and economic 
hazards; the facilities for treatment and segregation; and the available personnel, equip- 
ment and funds. 

The importance of maintaining a tuberculosis register js emphasized. Voluntary' 
agencies plaj' an important role in a communit\' campaign. 

In the closing chapter the authors forecast that if the mortalitv' rate from tuberculosis 
in the United States continues to decline as it has in the last two decades, we maj* see the 
death knell of the tubercle bacillus in the j'ear 2000 ; and, if new developments in treatment 
come to our aid, it ma 3 ' arrive earlier. 

Eloise, Michigan D.wid Littlejohn* 

Health Insurance in the United States. B3' N.a.th.\x Sin*.\t, Dr.P.H., Odin* W. Axderson* 
and Melvi.v L. Doll.\r. 115 pp., 2 tables. S1.50. New York: The Commonwealth 
Fund, 1946. 

This monograph is one of a series of studies made under the auspices of a Committee of 
the Xew York Academ 3 ' of iledicine. 

The authors have attempted to present the historic data which relate to the development 
of health insurance in the United States and its present status. The 3 ' have discussed the 
attitudes of the various interested groups, including the professional, governmental and 
]a 3 * groups in relation to the whole problem of health insurance. Most attention is given to 
a re\dew of the various plans of voluntar 3 ' insurance including an outline of some of the prob- 
lems involved and the general characteristics of each of these plans. The rapid growth of 
the movement in the United States from 193.3 to 1946 is outlined. The authors point out 
that, at present, most of the voIuntar 3 ' plans now provdde onh* for such services as hospi- 
talization or surgical and obstetric care, and that few plans make 303 * provision for an 3 ' t 3 'pe 
of general medical care, except where hospitalization is necessar 3 '. 

The authors have rendered a sendee to all groups and individuals interested in the 
problem of furnishing adequate medical care to the large bod 3 ' of persons, who for some 
reason ma 3 ' be unable to finance adequate medical or surgical care when the necessit 3 ' arises. 

D.wri) Littlejohn* 

The Challenge of Polio. B 3 * Rol-vn'd H. Berg. 20S pp. S2.50. New York: The Dial 
Press, 1946. 

ilr. Berg has presented in a clear and factual wa 3 ' the efforts which have been put forth 
to meet the challenge of securing data necessar 3 ' to control poliom 3 "elitis. He has outlined 
much of the research work which has alread 3 * been done, pointing out the failures as well 
as the successes, and has emphasized the need for continued research until such time as we 
know the cause, portals of entr 3 * and sources of infection, and develop adequate methods of 
prevention and treatment of this disease. 

The author’s discussion of the status of the Sister Kenn 3 * concept of the disease and the 
application of this method of treatment clarifies much of the misunderstanding which has 
arisen regarding this phase of the polio situation. 

D.A.VID Littlejohn* 

A History of The American Medical Association, 1847 to 1947. B 3 ' Morris Fishbein*, MiD., 
with the biographies of the presidents of the Association b 3 * W.\lter L. Bierrixg, M.D., 
and with histories of the publications, councils, bureaus and other official bodies. 1226 
pp. 176 illus. $10.00. Philadelphia and London: W. B. Saunders Compan 3 *, 1947. 

This volume serves to point out the aims, ideals and accomplishments of the American 
Medical Association. From its pages, the reader will readiK* perceive how American Medi- 
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pine has become great, and he ndll, at the same time, acquire some stimulation from the 
records of the leaders of American Medicine. 

Compilation of the history was begun in 1929 and was not completed until 1947. The 
editing and principal authorship of the history was the work of Morris Fishbein. The 
biographies of the presidents, written by Walter L. Bierring, president of the Association in 
1934, occupies 260 pages and is the most interesting portion of the book. Dr. Nathan Smith 
Davis, III, wrote the biographic sketch of his grandfather. Dr. Nathan Smith Davis, who was 
the founder of the Association and the first editor of its Journal. A number of other authors 
and editors also contributed historic accounts of special activities of the organization. 

Pathologists may be interested to note that The Section on Pathology was organized in 
1900; that the Archives of Pathologj- was established in 1926 with Dr. Ludvig Hektoen as 
its editor; that the Council on Medical Education and Hospitals established essentials for 
approval of schools for clinical laboratory technicians in 1936, and that in 1946 the Journal 
listed 26cS approved schools. 

The histor}' of the American Medical Association is essentially the histor 3 ' of .American 
Medicine. In compiling the 1226 pages of the record of the 100 j-ears of the .Association, the 
editor has fashioned a chronicle of medicine that must be placed beside Garrison’s monu- 
mental History' of Medicine. Truthfullj', it ma 3 '’ be said that Dr. Fishbein, in his long serv- 
ice on behalf of the .American Medical Association, has done full 3 ’’ as much as an 3 '^ other 
American ph 3 'sician during the past 100 3 'ears to help advance American Aledicine to the 
world leadership it now enio 3 's. 

Atlas of Hislopalhology of the Skin. B 3 - G. H. Percival, M.D., Ph.D., D.P.H., Grant 
Professor of Dermatolog 3 -, Universit 3 - of Edinburgh; .A. Murray Drexxax, M.D., 
Professor of Pathology, University of Edinburgh; and T. C. Dodds, F.I.M.L.T., Lab- 
orator 3 '^ Supervisor, Department of Patholog 3 ', University of Edinburgh. 494 pp., 376 
color photomicrographs. S16.00. Baltimore: The Williams and Wilkins Compan 3 ', 
1947. 

This volume is intended “primaril 3 ’ for post-graduate students and especiall 3 ' those 
interested in the special stud 3 ' of dermatology”. It contains 376 figures, nearl 3 ' all of which 
are photomicrographs in color, and most of which are expertly reproduced b 3 ' the Finla 3 ' 
process. Each of the various sections is introduced b 3 - a short descriptive preface. Photo- 
graphs of microscopic sections of representative lesions are then presented, each with a 
brief descriptive legend. The sections are arranged according to a clinical classification in 
which the lesions are grouped ndth respect to the characteristic primar 3 ' cutaneous changes 
rather than according to etiolog 3 '. The first section is devoted to normal histolog 3 ’ of the 
skin and includes 21 figures. Subsequent sections portra 3 ' the microscopic changes in the 
commoner skin diseases. Almost no mention is made of lesions caused b 3 ’ fungi. One is 
surprised to read that lupus er 3 dhematosus still “is generall 3 ' regarded as having a definite 
connection with tuberculosis”. 

The table of contents lists 25 titles, but the various titles do not have equal value. For 
example, one title, “Rosacea and Rhinoph 3 'ma”, is followed b 3 ' one-half page of text and one 
illustration, and another title “Granuloma P 3 ’Ogenicum” is followed b 3 ' six lines of text 
and one illustration. Under the title, “The Naevi”, however, there follows a section of 
110 pages and 87 figures. A naevus is defined as “a circumscribed h 3 ’’perplasia of tumor 
formation which has its origin in aberrant embr 3 ’ological cutaneous structures or rests”. 
Seventeen varieties of naevi are listed and illustrated, including those derived from the 
epidermis, from the epidermal appendages, from collagen and from vaso-formative cells. 
This usage of the term is, of course, at variance with that generall 3 ' adopted b 3 ' American 
pathologists who use the term in a restricted sense to indicate a cutaneous neoplasm of 
neuroepithelial origin. In the section on “Tumours”, the authors loosely speak of 
tumours such as molluscum contagiosum, the contagious verrucae, and certain of the 
naevi , and include contagious verrucae, verruca plana, verruca vulgaris, verruca plantaris 
and cond 3 ’loma acuminatum. 
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The atlas is attractive and veil printed. For the student of clinical dermatology the 
book has considerable merit, but as a read^' reference for the general pathologist, it falls 
short of the mark. It is to be hoped that in subsequent editions the need of the pathologist 
for a more complete and adequate atlas on histopatholog>' may be met, and that stricter 
attention will be given to terminology. It would seem that the subject of microscopic 
pathology ought to be treated primarily from the pathologist’s point of view rather than 
from the clinician’s. Nevertheless, the authors deser\-e commendation for the preparation 
of this atlas since the volume contains numerous illustrations of teaching value, .^t the 
present time, this is probably the best atlas on liistopathologj* of the skin in the English 
language. 

Gmlrilis. By Rudolph Schi-vdler, M.D., Clinical Professor of Internal Medicine (Gastro- 
enterology), College of Medical- Evangelists, Los -A.ngeles, California. 462 pp., 96 figs., 

19 tables. S8.75. New York; Grune and Stratton, Inc., 1947. 

This volume contains a great deal of valuable data but unfortunately much of it is hidden 
or difficult to find. The fault is primarily in poor organization. The paragraphs are un- 
usually long and discursive. The te.vtual material could be greatly reduced, perhaps b\- 
one-half, with considerable advantage. For example, nine and one-half pages are devoted 
to a definition of gastritis and five of the pages to a definition of inflammation. -Additional 
subheadings would be helpful and the index could be improved. 

The author frequently speaks of “tumor-forming gastritis”. He defines this term to 
indicate “onh' that hj-perplasia or proliferation of such degree is present as to produce the 
picture of a tumor either at x-ray examination, at gastroscopt' or at surgical operation”. 
But actually no neoplasm is present in “tumor-forming gastritis”. 

Among the interesting statements found are the following; 

“Taking of routine biopsies with the fle.xible gastroscope is not yet feasible. Biopsy at 
laparotom 3 ' is preferable.” 

“Frozen section (of gastric tissue) should not be attempted because the stomach is not 
a suitable tissue for frozen section.” 

“In pernicious anemia and in atrophic gastritis, tumors develop more frequentlj' than in 
other people. It seems that patients \rith atrophic and atrophic-h\-perplastic gastritis have 
a three times greater chance of developing a gastric carcinoma than the average adult of 
the same age group.” 

There are 96 illustrations, almost all of which are large photomicrographs of gastric 
lesions. These are well reproduced and should prove of interest to pathologists. 



NEWS AND NOTICES 

College of American Pathologists 

The first general meeting of the College of American Pathologists will be held at the John 
B. Murphy Memorial Auditorium, 50 East Erie St., Chicago on Monday, October 27, 1947, 
beginning at 3:00 p. m. Following dinner, an evening convocation will be held, beginning 
at 8:30 p. m., at which the College will formally induct all members and fellows. 

Revista Cubana de L.aboratoeio Clinico 

We wish to extend congratulations to the Sociedad Cubana de Medicos Laboratoristas 
Clinicos on the publication of its official journal. Revista Cubana de Laboratono Clinico. 
The new Journal will be published quarterl 3 '. 

The American Society for the Study of Arteriosclerosis 

The organizational meeting of the American Society for the Study of Arteriosclerosis 
was held in Atlantic Citj', June 9. The officers of the Society are; Dr. W. C. Hueper, New 
York, president; Dr. William B. Kountz, St. Louis, vice president; Dr. O. J. Poliak, Wil- 
mington, Delaware, secretarj’ -treasurer. 

Microfilm Service of Army Medical Library 

Through the microfilm service of the Arm 3 ’- Medical Librar 3 ', ph 3 ’sicians, librarians and 
professional workers may obtain facsimile replicas of the great bulk of e.xisting medical 
literature on 35 millimeter film, according to Colonel J. H, McNinch, Commandant of the 
Arm 3 ' Medical Librar 3 '. Articles in medical periodicals are duplicated on microfilm for 
fifty cents each. Books are duplicated for fifty cents for each fifty pages or fraction thereof. 
Photostats are priced at fifty cents for each ten pages or fraction thereof for an 3 ’' single 
volume. There are certain restrictions on photoduplication to protect the rights of cop 3 '- 
right owners. 


Army Engineers to Blhld New IMedical Center 

According to an announcement from the Office of the Surgeon General, Technical In- 
formation Division, Washington, D. C., “the greatest medical research center in the world” 
will be built at Forest Glen, Maryland, just outside of Washington. Officiall 3 ' designated 
as the “Arm 3 ' Medical Research and Graduate Teaching Center”, the project will consist 
of a 1000-bed general hospital, the Arm 3 ' Institute of Patholog 3 ' building; the Arm 3 ' Medical 
Museum and Center Administration building; Central Laborator 3 " Group buildings; and 
the Arm 3 ' Institute of Medicine and Surger 3 '. A working ]ibrar 3 ’’, animal farm, quarters 
for the staff and other buildings are included in the plans. The Center will also cooperate 
with the National Bureau of Standards, the National Institute of Health and the National 
Research Council. 
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THE USE OF GELATIN IX Eh TESTING 
AND ANTIBODY DETERMINATIONS 

A Rapid Test Tube ^Method'' 

ROY T. FISK, Ph.D., axd CATHERIXE A. McGEE, B.S. 

From the Research Department of the CoUis P. and Hoicard Huntington 
Memorial Hospital, Pasadena, California 

Several methods of Rh t-esting are in common use, the choice of methods de- 
pending on the particular needs of each laboratoiy and on the quahty and be- 
havior of antiserurns available. The method to be described offers the advantages 
of speed and simplicit}- without the loss of accuracy and can be used with anti- 
serums containing either blocking or agglutinating antibodies. 

It is well known that serums containing blocking antibodies can be used for Rh 
testing if the proper conditions are established for their reactions. These anti- 
seiTims are encountered more commonly than antisemms containing agglutinins 
of sufficient potency for reliable Rh rt-ping. Blocking antibodies, i.c., incomplete 
antibodies, univalent antibodies, glutinins, produce agglutination only in the 
presence of complex protein systems. The first stage of the reaction, specific 
antigen-antibody union, proceeds as usual, but actual clumping of the sensitized 
errthrocjrtes is dependent on a protein component referred to by Wiener- as con- 
glutinin. The conglutinin of serum or plasma is a normal blood constituent; its 
function in the clumping of specifically sensitized eiA'throcj'tes is lost upon dilu- 
tion with any crystalline solution.. Diamond and Denton^ compared several 
mediums for agglutination by blocking antibodies and found semm albumin 
superior to plasma when used in the proper concentration. A 5 per cent gelatin 
solution which was included in their te.sts caused clumping of both Rh-positive 
and Rh-negative errthrocT.'tes. 

Gelatin solutions have been made in this laboratoiy which compare favorabh* 
vith plasma and semm albumin in Rh blocking antibody tests. Tlie degree of 
clumping produced in a gelatin medium of adjusted pH is satisfactoiy, and false 
agglutination and rouleau formation are easih' overcome b^' saline dilution. 

JIETHODS 

The gelatin solution is made by dissoRung 10 gm. of special gelatinf and 1 gm. 
of di-sodium acid phosphate in 90 ml. of distilled water. The preparation is 
sterilized in the autoclave at 121 C. for fifteen minutes and has a pH of about 6.7 

* Recei%'ed for publication, IMay 9, 1947. 

t Special nonp^'rogenic gelatin manufactured b\' U-Cop-Co, Division of Y ilson and Com- 
pany, Chicago 9. This gelatin is of low calcium content. 
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after sterilization. The solution is poured into sterile screw top bottles of the 
pipet dropper tj'Tpe and is kept readj' for use at room temperatui e. The solution 
may be kept in the incubator without loss of activity to avoid solidification which 
may occur at room temperature. Solidified material can, hov evei , be made ready 
for use by wanning the bottle. Merthiolate can be used in a concentration of 
1 : 10,000 to prevent spoilage by bacterial contamination. 

The gelatin solution is used in Rh testing and in antibody detenninations for 
sensitization to the Rh agglutinogens. Anti-Rh serums containing either agglu- 
tinins or blocking antibodies can be used in the test. Antiserums used in routine 
clinical testing should be of anti-Rho specificit 3 ^ 

Procedure for Eh testing, hlix one drop of undiluted anti-Rho serum and one 
drop of 10 per cent gelatin solution with one drop of fresh oxalated whole blood. 
Incubate the tube at 37 C. for one or two minutes and add 2 ml. of normal sahne 
solution. The saline suspension formed by unagglutinated erji-hrocj^tes is 
smooth and homogeneous while positive reactions are easilj’ seen bj’’ holding the 
tube in a slanting position over an illuminated white backgroimd. An alternate 
method which gives equallj" satisfactoiy results can be employed when dilute 
citrated suspensions of blood specimens are used for tj'ping. Approximate!}' 1 
ml. of a 2 per cent suspension of the blood to be tested is centrifuged and the 
supernatant fluid removed with a pipet. The cells are resuspended in one drop 
of Rho testing serum and one drop of gelatin solution; the mixture is incubated 
and diluted with saline as indicated aboA’^e. The duration of incubation is not 
critical and the reactions do not necessarily have to be read at the one to two 
minute period. 

Procedure for Rh antibody tests. The gelatin solution is used to intensify the 
reactions obtained in tests for Rh sensitization. A sensitive qualitative test 
Avhjch is useful for the detection of agglutinins and/or blocking antibodies is run 
by mixing one drop of the patient’s undiluted serum or plasma rvith one drop of 
10 per cent gelatin solution and one drop of oxalated Avhole blood of knomi Rh 
type. The unknown serum is tested against Rho-positiA'’e and Rho-negative blood 
specimens. The mixtures are incubated at 37 C. for five minutes and diluted 
with 2 ml. of saline before reading. Antiserums of the anti-Rho type are en- 
countered much more commonl}’’ than those of anti-Rh' or anti-Rh"" specificity. 
The latter types of antibodies rarely occur in the absence of Rho sensitization and 
serums containing them are usually of anti-Rho' or anti-Rho" specificity. In 
clinical testing, therefore, the use of any of the Rho-positive blood t}’pes should 
be sufficient for the detection of antibodies in the majority of serums examined. 
Blood specimens of Rhi(Rho') and Rh 2 (Rho") t}T3es can be used to insure the 
determination of the rai’e antibodies and these blood types are, of course, essential 
in tests to determine the specificity of antibodies encountered. It is important 
to use fresh blood specimens in these tests. Serums demonstrated to contain Rh 
antibodies can then be titrated for their agglutinin and blocking antibody 
content. 

Procedure for Eh aggluhnm and blocking antibody titrations. The titrations are 
lun by the methods given by H'iener- AA'ith certain modifications. A 3 per cent 
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gelatin solution, which is made by diluting 3 ml. of the buffered 10 per cent solu- 
tion wth 7 ml. of saline, is used in place of plasma or serum albumin in the con- 
glutination test for blocking antibodies. It is advantageous to use larger volumes 
of the reagents when the tests are run with tubes of the 100 x 13 mm. size; there- 
fore, doubling dilutions of the patient’s serum in saline are made in amounts of 
0.2 ml., the fii-st tube containing undiluted semm. The serums .should be titrated 
against cell suspensions of both Rhj and Pvh^ 131363 to determine the specificity 
of the antibodies demonstrated. One drop of a saline washed 2 per cent group 0 
er 3 i:hroc 3 i:e suspension of knonm Rh tA-pe is added to the tubes which are exam- 
ined for clumping Iia' R,h agglutinins after thirt}' minutes of incubation at 37 C. 
The saline is removed after centrifuging the tubes at low speed and the cells are 
resuspended in 0.2 ml. of the 3 per cent gelatin solution.* Agglutination b 3 * 
blocking antibodies is looked for after holding the tubes at bod 3 ' temperature for 
another thirtA* minutes. Prior to reading the reactions, 0.2 ml. of saline is added 
to each tube. This does not interfere with the reaction and eliminates pseudo- 
agglutination. 

RESULTS 

The accurac3' of the rapid gelatin method of Rh testing was detennined with 
anti-Rho blocking senim on a series of 500 routine blood specimens. The speci- 
mens were also t3i)ed Arith anti-Rho and anti-Rh' agglutinating serums using 
Avashed saline cell suspensions. Xo false negative or false positive reactions Avere 
observed AAith the gelatin method and the results were in complete agieement 
Avith anti-Rho specificitAx The majority of anti-Rh serums obtained from AA'omen 
isoimmunized during pregnancw AA'ere found to be suitable for Rho or Pcho’ testing 
by this method. TAA'enty out of 24 serums from this source gaA'e satisfactoiA' 
reactions for the test. All of these specimens contained blocking antibodies AA'ith 
or AA-ithout weak agglutinins. 

The 10 per cent gelatin solution AA'as emploA'ed in qualitatiA’e Rh antibod}' tests 
on 96 serum specimens from Rh-negatiA'e vromen. The serums Avere tested 
against fresh oxalated whole blood of group 0, Rhi(Rho’) and Rho’-negatiA'e 
1.37)65. In this test the tubes were examined after a fiA'e minute period of in- 
cubation. PositiA'e reactions AA'ere obtained AA'ith 32 of the specimens examined; 
these serums were found to contain Rho blocking antibodies in A'arAdng titers 
and scA'eral contained AA'eak agglutinins. The agglutinins in certain instances 
AA'ere of anti-Rh' specificitA’’ and one specimen contained this t3’pe of antibod3' 
onl3'. Gelatin intensifies the agglutination reaction produced bA' these anti- 
bodies as AA'ell as those of anti-Pdio specificitA'. The 64 serums AS'hich gaA'e nega- 
tiA'e reactions AA'ere also negatiA'e in agglutination and plasma conglutination 
tests. The method, therefore, sen'es as a conA'enient Rh antibodA' exclusion 
test. 

* Preliminary obserA'ations sIaoav that it is not necessary to remove the saline diluent used 
in the agglutination titration. Satisfactory results haA'e been obtained by adding 0.1 ml. 
of the 10 per cent gelatin solution to each tube of the titration. This giA'CS a final concentra- 
tion of 3.3 per cent which is n'ithin the optimal range of the gelatin emploA'ed. 
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A 3 per cent gelatin solution, -which is made from the more concentrated 
Imffered material, •v\-as used for the titration of blocking antibodies of 20 different 
antiserums. This solution gave essentiall}’- the same titration values as blood 
plasma which was used in duplicate tests on the antiserums examined. The 
gelatin solution is clear and colorless and produces clumping of the sensitized 
er 3 'throcytes which can be easih’- read. 

DISCUSSION 

It is apparent from the results obtained in this studj' that gelatin offers a 
convenient source of protein which is necessaiy for the completion of certain Rh 
agglutination reactions. Gelatin seiwes as a suitable plasma substitute and can 
be added to blocking antibody or agglutinin tests with whole blood to enhance 
agglutination. The material is inexpensive and gives clear, colorless heat-stable 
solutions which can be kept for a long time ■\\nthout loss of activity and Avliich are 
free of interfering antibodies. The disadvantages of gelatin, viz., solidification 
and pseudoagglutination, are readity circumvented b}^ the methods discussed. 

smnLVRY 

Gelatin solutions were tested for their effect on Rh agglutination reactions. 
A special solution of gelatin was found to intensity agglutination bj’- Rh blocking 
antibodies. Gelatin solution was used as a plasma substitute for the titration 
of blocking antibodies. The behavior of gelatin was utihzed to devise a rapid 
test tube method of Rh testing. The majority of antiserums encountered in 
routine antiliody determinations were suitable for the new method of Rho or 
Rho' testing. 

REFERENCES 

1. D1.A.MOXD, L. Iv., AXD Dextox, R. L.: Rh agglutination in various media with particular 

reference to the value of albumin. J. Lab. and Clin. Med., 30: 821-S30, 1945. 

2. WIENER, A, S.: Recent developments in the knowledge of the Rh-Hr blood types; 

tests for Rh sensitization. Am. J. Clin. Path., 16: 477-497, 1946. 


THE DETERMINATION OF PROTHRO^IBIN (TWO- 
STAGE AIETHOD) AND ANTITHROMBTN USING 
COISIMERCIALIjIl available REAGENTS* 

^IARGAP.ET HUPvX, B.A., axd FRAXIv D. MAXN, .M.D. 

From the Department of Clinical Pathology, Mayo Foundation, and the Division 
of Clinical Laboratories, Mayo Clinic, Rochester, Minnesota 

Present methods for the determination of prothrombin and antithrombin vary 
mdely in different laboratories. This nonuniformity of methods with conse- 
quent lack of a basis for comparison of rasults appears in a large measure to be 
due to the inherent variability of the unstable biologic reagents used in these 
procedures. 

In the determination of prothrombin b}* the two-stage method,^ in which the 
time of conversion does not form a part of the observed clotting time, the con- 
stancy of any unit of prothrombin must depend to a gmat extent on the repro- 
ducibility of the fibrinogen solution. Determinations of antithrombin may be 
affected not only bj* variations in the fibrinogen but also b}' variations in the 
thrombin. In reports foimd in the hterature satisfactory e\idence of the repro- 
ducibility of these reagents is usually lacking. IMiile we were accumulating data 
on which to evaluate the clinical worth of these tests, it seemed worth while to 
explore the use of commercial reagents. The thrombin used in the present study, 
prepared according to the method of Seegers, was obtained from Parke, Davis 6c 
Company. Fraction I, obtained through the courtesy of Dr. E. J. Cohn from 
The Armour Laboratories, ser\'ed as a source of fibrinogen. For the determina- 
tion of prothrombin a modification of Herbert’s method- was employed and for 
the determinations of antithrombin, a modification of the method of Astnip and 
Darling.^ 

METHOD FOR THE DETERMIN'ATIOX OF PROTHROMBIN' 

Reagents 

(а) Physiologic saline solution. Sodium chloride was dissolved in triple distilled water 
to make a 0.9 per cent solution and the solution was sterilized. 

(б) Imidazole buffer. Eighty-six hundredths of a gram of imidazole was dissolved in 
45 cc. of tenth normal h 3 'drochloric acid and the volume was made up to 50 cc. with distilled 
water (pH 7.2). 

(c) Calcium chloride-saline solution. One-tenth of a gram of calcium chloride (anh\'- 
drous) was dissolved in 200 cc. of ph\'siologic saline solution (a). 

id) Thromboplastin. Fifteen hundredths of a gram of acetone-extracted rabbit brain 
(Bacto thromboplastin obtained from Difco Laboratories, Inc., Detroit, Michigan) was 
ground in a mortar with 15 cc. of calcium chloride-saline solution (c) and the mixture was 
allowed to stand, with intermittent stirring, for ten minutes. It was centrifuged for two 
minutes at 1000 R.PXI. in a Xo. 2 International centrifuge. The supernatant fluid was 
removed and diluted with twice its volume of calcium chloride-saline solution (c). This 
e.xtract was made fresh daih'. 


* Received for publication, June 2S, 1947. 
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(c) Solution of acacia. Twelve per cent acacia was dissolved in 1.1 per cent disodium 
acid phosphate (Na.HPO^- 12H:0) to give a solution of pH 7.2. Much of the calcium of the 
gum precipitated as tribasic calcium phosphate and was removed by filtration. 

(/) Fibrinogen. 

(!) Stock solution. Four per cent Fraction I (bovine origin, containing about 40 per 
cent sodium citrate) was dissolved in saline solution, added to a series of tubes and placed 
at -20 C. In the frozen state, this solution maintained its activity for five days. 

(2) Dilute solution. A 1 per cent solution of Fraction I was prepared from the 
stock solution (/). The activity of the stock solution was checked in the antithrombin 
determination. Onlj' solutions of comparable activity %vere used. (The frozen fibrinogen 
was melted by placing it in a 37.5 C. water bath for three minutes.) Immediately before use 
the 1 per cent solution of fibrinogen was diluted with equal parts of solution of acacia (e). 
Thus the final concentration was equal to 0.5 per cent of the Fraction I preparation. 

(g) Thrombin. The contents of one ampule of dried thrombin (bovine origin: Parke- 
Davds assay = 5000 Iowa units) was dissolved in physiologic saline solution (a) to produce 
a solution having an activity of 100 units per cubic centimeter. ® 

Defibrination of plasma. One cubic centimeter of plasma from the blood collected as for 
the Quick prothrombin test was defibrinated by adding 0.1 cc. of thrombin (10 units), 
allowing it to stand for fifteen minutes and expressing the serum from the fibrin clot by 
means of an applicator. 

Dilution of plasma. Plasmas from normal persons were diluted 1:25 with phj'siologic 
saline solution (a). Plasmas from patients were diluted 1:25 or 1:10 depending on the de- 
gree of prothrombin deficiency present. 


Procedure 

Five-tenths of a cubic centimeter of imidazole buffer and 1.0 cc. of thrombo- 
plastin (containing calcium) were added to 0.5 cc. of diluted plasma. A stop 
watch was started immediatelj'- after addition of the thromboplastin. The mix- 
ture was allowed to incubate at room temperature and samples were taken at 
inteiwals of one minute for clotting tests beginning after three minutes of incuba- 
tion. Two-tenths of a cubic centimeter was measured into a tube, placed in a 
water bath at 28 C. and 0.2 cc. of fibrinogen-acacia solution was added. The 
time required for the clotting of the fibrinogen-acacia solution was noted. The 
end point was chosen as that point at which there was definite fibrin fonnation. 
The shortest clotting time obtained with the samples taken from the incubation 
mixture was used in the detennination of the amount of prothrombin present. 
The prothrombin was expressed in units essential^ comparable to the units as 
defined by Warner, Brinkhous and Smith,* The fibrinogen-acacia solution used 
was standardized against varying concentrations of Parke-Davis thrombin. 
l^Tien the clotting times obtained were plotted against concentrations of throm- 
bin on logarithmic paper a straight line was obtained over a range of ten to forty 
seconds (Fig. 1). From tliis cuiwe the prothrombin acti\’it 3 ’’ of a particular di- 
luted plasma could be determined b.y noting the concentration of thrombin gi>dng 
the same clotting time on addition of the fibrinogen-acacia solution. The total 

One unit of prothrombin is the amount which when converted will form 1 unit of throm- 
bin. One unit of thrombin is the amount required to clot 1 cc. of a standardized fibrinogen 
in fifteen seconds. The latter unit is frequently referred to as the Iowa unit. 
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pi*otlirombin per cubic centimeter of plasma was then calculated by multiphing 
the prothrombin activity of the diluted plasma b\' the dilution factors as follows: 

1 .2 — oxalate 

1.1 — defibrination 

25 — dilution of plasma 

4 — dilution In' incubation mixture. 

By this procedure the average of 30 different nonnal subjects (staff membeis or 
blood donors) was 317 prothrombin units per cubic centimeter of plasma (range 



Concentration of thrombin solution, 
units per c.c. 

Fig. 1. Relationship between thrombin concentration and clotting time when 0.2 cc. 
of fibrinogen-acacia mixture was added to 0.2 cc. of thrombin solution. 

from 244 to 378 units). Percentage of normal was calculated from this figure. 
Wlien a series of dilutions from 1:10 to 1:25 was run on a normal plasma, the 
results were in good agreement. 

WETHOD FOR THE DETERMrN.t.TION OF ANTITHROIIBIN 

Thrombin. Thrombin was dissolved in a volume of saline solution to give a solution con- 
taining GOD units per cubic centimeter. Solutions equivalent to 200 units per cubic centi- 
meter and 6 units per cubic centimeter respectively were prepared from the stock soluti on . 

Fibrinogen. Two per cent Fraction I was prepared from the 4 per cent stock solution of 
Fraction I (see method for prothrombin). This solution was standardized against the 
thrombin solution in the following manner: 0.5 cc. of thrombin (3 units) was placed in a 
tube in the 23 C. water bath and 0.5 cc, of 2 per cent fibrinogen was added. The time re- 
quired for the formation of a clot was recorded. 

Procedure 

Five-tenths of a cubic centimeter of serum was placed in a 50 cc. centrifuge 
tube. (When the coagulation time obtained was more than 40 seconds, the test 
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was repeated using 0.3 cc. of serum.) Five-tenths of a cubic centimeter of 
thrombin solution (100 units) was added and a stop watch was started. The 
tube containing the mixture was placed in a 37.5 C. water bath. After ten 
minutes’ incubation, 9.0 cc. of saline solution was quickly added and 0.6 cc. of 
diluted mixture removed and placed in a tube in the 28 C. water bath. Five- 
tenths of a cubic centimeter of 2 per cent fibrinogen was promptly added and a 
stop clock was started. The time for the foimation of a clot was recorded. 

Under the conditions of the antithrombin assay, the clotting time was found 
to be a linear fimction of thrombin concentration over the range of fifteen to fifty 
seconds. For each series of deteiininations, the fibrinogen and thrombin solu- 
tions used were tested against each other. The thrombin in a concentration of 
3 units per cubic centimeter clotted the fibiinogen in sixteen to eighteen seconds. 
This control time actually observed on each occasion was used in calculating the 
amount of thrombin destroyed by the serum as follows: 


Thrombin units destro 3 '’ed = 100 — 


Clotting time of control 
Clotting time of unknown 


TlTien antithrombin determinations were done using amounts of from 0.1 to 0.5 
cc. of normal serum made up to 0.5 cc. ndth phj^siologic saline solution, the rela- 
tionsliip between the amount of serum and the amount of thrombin destroyed 
was never Hnear. TlTren the logarithms of these quantities were plotted against 
each other a straight line was obtained, both with nonnal serum and nith serum 
of elevated antithrombin actmtj* (Fig. 2). Astrup and Darling calculated anti- 
thrombin acti\'itj’’ from thrombin destruction bj’’ a linear formula but stated that 
the values for the lowest and highest amounts of plasma or seinmi often de\dated 
from this rule. A dilution cuiwe of a normal serum of average acti\’ity was 
arbitrarily selected as standard. Five-tenths of a cubic centimeter of this serum 
destroj'ed 62 units of thrombin under the conditions of assaj". Serums from 47 
nonnal persons (staff members or blood donors) destro>''ed from 51 to 66 thrombin 
units. From the logarithmic dilution curve this can be expressed as antithrombin 
activity corresponding to that of from 0.35 to 0.57 cc. of the standard serum. 
The average of all these normals was 0.48 cc. of the standard; the nearness of this 
value to 0.5 shows that the standard had an activitj' verj' close to the average of 
the gi'oup of normals. Antithrombin actmty of pathologic senuns was always 
refeiTed to the same standard and then converted to percentage of normal as 
follows; 


Per cent antithrombin 


Amount of standard serum corresponding to actimty 

= 100 X - of 0.5 cc. of unknown serum . 

— — 

If a fraction of 0.5 cc. of the unknown serum was used, the factor 0.48 was of 
couise multiplied b}’’ that fraction. This calculation ignores possible variations 
in the slope of the dilution activit 5 ’’ cuiwes. Even in specimens of unusualty high 
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antithrombin activity such variations do not appear to be large. T\liile no 
explanation of the dilution curve is offered at present, it should be noted that- it 
necessitates working in a range of acthity where more than half of the total 
thrombin substrate is destrov'ed, contrary' to the usual practice in assays of this 
tj-pe. When smaller fractions of thrombin are destroyed, not onh’' is there rela- 
tiveh" little change in thrombin destruction on varjing the amount of serum but 



c.c. serum x 10 
(in system of Ic.c. volume) 

Fig. 2. lielationship between thrombin destruction and concentration of serum, a. 
Serum mth elevated antithrombin. b. Normal serum. 

there is even less change in the clotting time actuaUv measured, as '‘thrombin 
de.stroycd” is measured by difference. 

COMMENT 

It is recognized that solutions prepared from dried thrombin and fibrinogen are 
not necessarih^ of the same activity as those prepared from fresh thrombin and 
fresh fibrinogen and that species differences must be taken into account. How- 
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ever, fresh preparations of thrombin and fibrinogen may also vary in their actm- 
ties. The thrombin and fibrinogen solutions as prepared were of comparable 
actinty and it was felt that infonnation as to relative amounts of prothrombin 
and antithrombin was valid. 

The methods as outlined were used in a study concerning the variations in 
prothrombin and antithrombin in patients who were recemng DicumaroF and in 
patients with thrombosing tendencies.^ The emplojunent of the commercial re- 
agents great!}' facilitated the use of these methods as clinical tests. 


suaniAKY 

-Methods for the detennination of prothrombin (tAvo-stage) and of antithrombin 
using conmiercially available reagents have been described. Solutions of throm- 
bin and fibrinogen, as we prepared them, have possessed similar acti\dty. 

The use of commercial reagents has simplified the procedures for the deter- 
mination of prothrombin by the two-stage method and of antithrombin. 
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AGGLl'TIXATIOX TUBE RACKS FOR 
USE WITH THE 2vIICROSCOPE- 


C. W. COTTER2.IAX, Pii.D. 

Fr 07 n ihe Heredity Clinic, Laboratory of Vertebrate Biology, 

Vnivereity of Michigan, Ann Arbor 

■Most Isiood-group serologists recommend that agglutination tests be performed 
in small test tubes ratlier than on slides. Evaporation occurs but slowh' from 
tubes, and since the suspensions ma}’’ be examined over longer periods, numerous 
tests maj' lae carried out at one time. Needless to say, the use of test tubes also 
peimits centrifugation and incubation in a water bath or refrigerator. For such 
tests, 75 X 10 mm. test tuiDes with lips are ideally suited, since their diameters 
are sufficient^ small to peiTnit direct microscopic examination of the cell sus- 
pensions through the Avail of the test tube. 

The apparatus descril^ed in tliis note has been found to facihtate greatly the 
handling and reading of such tubes. It has been used in this laboratoiy in con- 
nection AAith genetic studies, A\here several cell suspensions are tested simultane- 
oush'' against a batteiy of several serams, and it is particular!}- recommended to 
those Avho are engaged in Ijlood t}T5ing studies of a similar natiu-e. The increased 
demand on hospital technicians for Rh titrations and tests with several A'arieties 
of serum, liOAA'eA'er, .suggests that the equipment might also be of A'alue in routine 
clinical work. 

Racks. The racks are of simple one piece construction (Fig. 1). They consist 
of Avood (soft pine) or transparent plastic blocks (12| x 1 J x f inches), each haA'ing 
a series of 20 A'ertical holes. The holes should be just large enough to freely ad- 
mit the tubes. Since “75 x 10 mm.” tubes of A'arious manufacturers A*ary appreci- 
abl}' in diameter, it is aa'cH to test the recommended inch hole against the 
supply of tubes at hand. Also, it might be mentioned that the tubes of some 
manufacturers are much superior to others, haA'ing stronger Avails and lip.s, with 
eA'enly-annealed bottoms AA'hich produce a minimum of optical distortion. 

TMien the racks are supported in a frame or tray, the tubes are held upriglit in 
a rigid and compact alignment. AA'hich facihtates the accurate pipeting of cell 
suspensions and te.sting fluids. "VMien the racks are lifted from the tray, the 
tubes are suspended by their lips. In this AA'ay the contents of the tubes may be 
checked at each stage in the serologic procedure. ^Mixing can be accomplished 
by tapping the end of a single tube or by shaking the entire rack or the entire tray. 

IFa^cr bath supports. A .support to hold 10 racks (200 tubes) is shoAA-n in Fig. 
2. This consists of a bottomless tray or frame, the sides of AA'hich are inch in 
thickness to accommodate the slots at the ends of the racks. Each rack is there- 
fore .securely supported but is free to be shifted from one position to another 

* Studie.s in Iiuman heredity at the University of Michigan are supported by rc.search 
grants from the Board of GoA'ernors of the Horace H. Rackham School of Graduate Studies. 
ReceiA-ed for publication, May 3, 1917. 
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within the frame, so that the order of the racks may be easily changed. If the 
frame is supphed with legs (macliine bolts make convenient legs in the case of a 
wooden frame), the support maj’’ be set into a water bath in such a waj’" that only 
the ends of the tubes are immersed. After incubation, a single rack or the entire 
tray may be removed from the bath, and the bottoms of the tubes carefully dried 
vith a cloth before vievdng rmder the microscope. 

Microscope stand. The principal advantage of the single-row rack is that it 
enables a series of 20 tubes to be examined microscopically without remoidng the 
tubes from the rack. For this purpose a special stand is needed to support the 



AMCgOSCOPE STAND 

Pig. 1. Construction of test tube rack and microscope stand. 


rack above the microscope stage in a nearlj’- horizontal position. The rack is 
pushed from right to left, bringing one tube after another into view under the 
objective. Figure 2 shows a supporting shelf which has been hinged onto a view- 
ing box containing a fluorescent bulb, which seiwes as the irdcroscope lamp. A 
more simpl}’’ constructed stand for use vdth an ordinarj'' microscope lamp is shown 
in Figure 1. Either a compound microscope with a low power objective or a 
wide-field binocular microscope with medium and high power objectives may be 
used. 

Figure 2 shows the equipment in use. In addition to the factors mentioned 
above, the following advantages are afforded. Since the tubes need not be re- 
moved from the racks (unless they are to be centrifuged), there is no necessity for 
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marking them and no chance for misclassification due to misplacement of the 
tubes. The first tube in each rack may be marked or a labeled tube containing 
the patient’s cell suspension may occupj' one hole, senung to identify the rack. 
Standard positions ma3' be adopted for the various test serums {e.g., anti-Aj, 
anti- A, anti-B, anti-M, anti-N, anti-C, anti-D, anti-E, anti-c). Each rack holds 
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a sufficient number of tubes to allow titrations of serums to be carried be\'ond 
1:512, as is sometimes necessary*. 

The fixed position of the test tube under the microscope objective frees both 
hands of the technician for manipulation of the microscope and recording of 
readings. Being much less bulkj' than standard serologic racks, the special equip- 
ment conserv-es much space on the laboratory' table or in the water bath. 



SIMULTANEOUS HISTOLOGIC FIXATION AND GROSS 
DEMONSTRATION OF CALCIFICATION* 

PHILIP H. HAHTZ, M.D. 

From Ihe PuUic Health Service, Curasao, N. IF. I. 

It maj' sometimes be desirable to use a reagent tvhicli grossly demonstrates 
areas of calcification, as in Ijonph nodes or in fat necrosis, and which at the same 
time is a good general fixative, permitting the use of triclu-ome stains without the 
necessity of using additional procedures, such as refixation of sections. Hitherto, 
for the gross demonstration of calcium soaps in fat necrosis, formalin-fixed tissues 
were incubated for twenty-four hours at 37 C. in Weigert’s glia mordant, a mix- 
ture containing copper acetate. As a result of the combination of copper with 
fatty acids, the areas of calcified fat necrosis stained green. This reaction could 
also be obtained in calcified atheromatous plaques of the aorta.- As far as could 
be ascertained, this method has never been used for the demonstration of other 
kinds of calcification, such as calcified bone. 

It is evident that this method entails the well known disadvantages of formalin 
fixation; moreover, trvo different fluids have to be used. Excellent histologic 
fixation and simultaneous distinct msualization of calcified structures can be ob- 
tained bj" the use of the fluid of Bouin-Hollande. The formula of this fibcative, 
which seems to be almost entirely unknown in the United States, is as follows:* 

Distilled water, 100 ml.; copper acetate, 2.5 gm.; picric acid, 4 gm.; formaldehyde, U.S.P., 
10 ml.; glacia’ acetic acid, 1.5 ml. 

The copper acetate is dissolved in water without the use of heat and picric acid 
is slowly added under constant stirring. 

When the picric acid is dissolved, the solution is filtered and the formaldeltyde 
and acetic acid are added. The prepared solution keeps indefinitely. Tissues 
are left in this fixative from eight hours to three days; after the fixation is com- 
plete thej'^ are Avashed for several hours in two or three changes of distilled AA'ater. 

Calcified structures, such as bone, calcified necrotic tissue and calcified fat 
necrosis are stained dark green on a pale green background. I have also obtained 
distinct visualization of calcified cartilage and bone in human embryos, and of the 
remnants of bone in the process of bone destruction. As has already been stated, 
the fixation of histologic details is excellent. 
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A SPRIXG-ACTUATED MULTIPLE PUXCTLTIE 
APPARATUS FOR BCG VACCINATION^^ 


KONR.\D BIRKHAUG, :\r.D. 

From the Division of Laboratories and Research, New York Slate 
Department of Health, Albany 

One was led to believe that Rosenthal’s^ multiple pimcture method of BCG 
vaccination had been sufficiently simplified b}' an 8-needle vaccination apparatus^ 
to make the method univereaUv available. At the BCG clinic in Bergen, Nor- 
waj', it had been used on 3727 tuberculin-negative infants and adults vaccinated 
Avith a .50 mg. per ml. concentration of BCG A*accine. "When retested Ga'o months 
later with 1.0 rag. of old tuberculin intracutaneousl.v, 97..5 per cent had become 
positive and none had developed local or adjacent abscesses. Shortly afterwards 
it was learned, howcA'cr, that some ph\'.sicians had experienced considerable diffi- 
culty in obtaining vaccination papules with the apparatus. On further investi- 
gation, it was ascertained that most of the difficulties were due to a highly variable 
technic. In order to standardize the decidedly advantageous and nonabscess- 
producing, multiple puncture method of BCG vaccination, a dO-needle, spring- 
actuated vaccination apparatus- built on the piston-release principle was 
developed. Up to 1946, more than 3000 tuberculin-negative person.s were A'ac- 
cinated by means of this apparatus and 98 per cent of them became positive 
AHthin two months. Again it was noted that there was a complete aljsence of 
local suppuration or abscesses. 

FollovAang the intracutaneous injection of from 0.05 to 0.1 mg. of BCG, the 
incidence of blemishing abscesses is seldom below 10 per cent and some Avorkers 
report a frequencA' of 50 per cent or more.'* Tlie multiple puncture method is, 
therefore, a definite and important adA'ance in the popularization of BCG A’ac- 
cination against tuberculosis. 

Figures 1 and 2 depict the apparatus AA'hich is 12.5 cm. long and 4.3 cm. AA'ide. 
In Figure 1, the 40 needles are draAAm up into the housing and the cock is lifted. 
In Figure 2, the needles protrude from the headplate after the release of the 
spring-actuated piston. The needles are ordinarA-, noncorrosiA'e, phonograph 
needles soldered into a circular brass disc. The actuating piston operates through 
the long axis of the apparatus, AA-ith Iaa'o guides that align the needles AA'ith the 
forty perforations in the headplate. The actuating piston is pulled back into a 
locked position under spring tension. The piston is released bA' pressing the 
trigger and the needles are thmst tlwough the apertures in the headplate. The 
distance that the needle points extend beA'ond the surface of the headplate is ad- 
justable. Usualh' 2 to 3 ram. is adequate for penetration of the epidermis. To 
facilitate the manipulation of the spring-actuated apparatus, AA'hich necessitates 
a moderate pressure against the skin during the A'accination process, finger grips 

* ReceiA'cd for publication, .June 23, 1947. 
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arc placed on each side of the instrument. The apparatus is made of nickel 
plated brass and weighs 205 gm. 

The following teclmic has been found practical for indi\ddual or mass BCG- 
vaccination. An area of skin, 10 x 10 cm., on the outer surface of the upper arm 
or tliigh is cleaned mth ether. A piece of thin paper or cellophane, 4x4 cm.,, 
sterilized for fifteen minutes at 100 C., is moistened on both sides with 20 mg. per 

ml. of BCG vaccine in a sterile Petri dish and is placed on the ether-cleaned skin 
area. Care should be taken to hold the arm or tliigh in a horizontal plane in 
order to retain most of the vaccine on the paper. The cock of the apparatus is 
drawn up. The skin is held taut by grasping the arm or thigh on opposite sides. 
The headplate is pressed against the paper and the trigger is pushed. The needle 
plate descends with some force and the needle points become coated vith the 
vaccine as thej’’ perforate the paper and enter the epidermis to a depth of 1 to 3 

mm. The apparatus is removed and the headplate with protruding needles is 
placed on a thick pad of cotton satm-ated with 70 per cent alcohol. The paper is 
removed from the arm after one or two minutes. No bandage is necessaiy over 
the vaccinated area. Small petechial bleeding may be seen in the punctures when 
the skin is stretched. Excessive spontaneous bleeding should be avoided; this 
can be controlled readil}'' by adjusting the extension of the needles to 2 or 3 mm. 
beyond the headplate. 

Red papules, 1 to 2 mm. vdde, and slightl}’- elevated, appear after one week 
and reach maximum development witliin one month after vaccination, when 
desquamation sets in. Healing is complete within six to eight weeks vdthout 
insible scars or pigmentation. Abscess foimation is exceedingly rare with the 
multiple pimcture method and is usuall}’’ associated with questionable positive 
tuberculin reactions (allergy) at the time of vaccination. Figure 3 shows the 
pattern of fort}' papules three weeks after vaccination. 

BTien larger groups of tuberculin-negative persons are to be vaccinated with 
BCG, the procedure may be facilitated placing from ten to twent}’’ pieces of 
sterile paper in tile formation in the 20 mg. per ml. BCG vaccine in a Petri dish, 
leaving an edge of 1 to 2 mm. that can be grasped with forceps. 

A serious handicap in mass vaccination with the automatic apparatus is the 
loss of time in sterilizing it between each vaccination. The following shoii; cut 
has been found practical and no cross infections have been encountered. Be- 
tween each vaccination, the headplate with the needle points protiaiding is placed 
on a thick pad of cotton saturated with 70 per cent alcohol. After two to three 
minutes, the headplate is passed quickly through a flame until the alcohol is 
evaporated, taking care not to soot or overheat the needles. An alternative is to 
immerse the headplate with the needle points protruding in boiling water for fif- 
teen seconds, followed by ten to fifteen seconds in cold sterile water. The appa- 
ratus is then placed on a pad of sterile absorbent cotton to remove excess water. 
If two or three automatic instruments are available, more time can be allowed for 


Fig. 1. Spring-actuated multiple puncture apparatus for BCG vaccination. 
Fig. 2. Same as Fig. 1, showing the 40 protruding needles. 
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the sterilization of each apparatus. With adequate technical assistance, it has 
thus been possible to vaccinate singlehandedly 200 persons per hom*. For indi- 
vidual vaccination, the apparatus should be sterilized before and after its use, 
preferably vith dry heat (100 C. for fifteen minutes), since boiling will corrode the 
internal mechanism. 



Fig. 3. The pattern of 40 papules three weeks 
after vaccination. 
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STADCING INTESTINAL PROTOZOA WITH IRON- 
HEIMATOXYLIN-PHOSPHOTUNGSTIC ACID=^ 

VICTOR X. T0:MPKINS, ^I.D., axd johx k. miller, m.d. 

From the Division of Laboratories and Research, New York State 
Department of Health, Albany, New York 

Heidenhain’s iron-liematoxjTn method is ^videly used in examinations for in- 
testinal protozoa both because of the permanence of the stain and the clarity 
with which fine nuclear structure is demonstrated. The original method is time- 
consuming but many of the modifications shortening it sacrifice definition or 
peiTuanence. The most difircult procedure, and the cnicial one, is differentiation 
of the overstained slide. This requires control b\' microscopic examination, and 
considerable experience is necessar}' for success. Various alternative procedures 
have been suggested to allow gi-eater latitude in this step, such as differentiation 
by dilute iron alum or picric acid. Otlier methods time the staining procedure to 
obviate differentiation. One of these- that gives satisfactory' results is, however, 
inconvenient because of the heating ad\dsed. Anotheri’ ^ omits mordanting and 
uses ^Mallory’s phosphotungstic acid hematoxylin which is self-differentiating. 
This method gives excellent uniform nuclear detail but poor cytoplasmic defi- 
nition. 

Ziegler has described a method for differentiating hematoxy'hn-stained tissues 
with phosphotungstic acid. We have found that tliis procedure can be applied 
to the differentiation of intestinal protozoa with higlih* satisfactory results. The 
phosphotungstic acid does not completely decolorize the protozoa since it seems 
not to remove the stain from the parts of the microorganisms selectively stained 
after mordanting. Uniform permanent preparations can be secured by this 
method even by unskilled technicians, and it is rapid. Tlie following schedule 
summarizes the method. 

IROX-HEMATOXYLIX-PHOSPHOTIIXGSTIC .VCin METHOD 
FOR ST-AESUNG IXTESTIXAL PROTOZOA 

Film preparations vnisl he thin, xcel, fresh, and must not he allowed to dry through- 
out the procedure. 

1. Fix in Schaudinn’s fluid in saline solution, five minutes. 

2. Remove residual mercury in 70 per cent alcohol (with iodine added to obtain 
“port-wine*’ color), one minute. 

3. Remove residual iodine in 70 per cent alcohol, two changes, one-half minute 
each. 

4. ^Mordant in 4 per cent aqueous fei'ric ammonium sulfate, three to five 
minutes. 

5. Wash in mnning tap water, one minute. 

0. Stain in \veek-old 0.5 per cent aqueous hematoxylin, one minute. 

* Received for publication, iNIay 2.3, 1947. 
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7. Eemove excess stain b}’’ dipping in water. - ^ ^ 

8. Differentiate in 2 per cent aqueous phosphotungstic acid, two minutes or 

more. 

9. Blue the hematoxylin in tap water, one minute. 

10. Deltydrate in 95 per cent and in absolute alcohol, one minute each. 

11. Clear in xjdol, one minute. 

12. Mount in dammar. 


PEOCBOHRE 

Fixation. Fresh fecal films prepared on slides or cover slips should be fixed 
while wet. Cover shps require more dehcate handling and so encourage thin 
preparations, ivhich are easier to examine. Shdes, however, are more durable 
for routine use. Fixation wliile the film is wet and fresh is of considerable impor- 
tance, because dr^fing results in degeneration and distortion of the protozoa. 
Drjdng at any subsequent step is similarly damaging. A large number of fixa- 
tives have been employed, but protozoologists show a marked preference for 
Schaudinn’s fluid. The saline modification used by James^ in his exhaustive 
study, is particularly good. This consists of 2 parts of saturated solution of mer- 
curic chloride in phj'-siologic salt solution and 1 part of absolute alcohol to which 
from 2 to 5 per cent of glacial acetic acid is added just before use. Aidifacts are 
more frequent when fixatives are made in water rather than saline solution, 
particular! j”" when trophozoites are present. Dientamoeba fragilis can often be 
fixed in the saline mixture when the aqueous solution fails. Fixation time is of 
comparatively little importance provided a minimum time is attained. From 
five to ten minutes suffice at room temperature; longer periods will not improve 
results. Fixation may be speeded by raising the temperature to 60 C., but at the 
risk of producing some artifacts, which are not ordinarily likely to confuse those 
working with feces, but which are pronounced in cultured forms. Short fixation 
will impair the permanence of the stain and decrease its definition. It should 
alwaj's be remembered that no stain can compensate for thick films, degenerated 
forms, or poorl}" fixed material. 

Mercuric cldoride present in the fixative must be removed from the slides by 
treatment for from one to three minutes with 70 per cent alcohol made up to 
port-wine color by the addition of iodine. It maj'' be removed equally ivell, 
although less rapidly, by several changes of 70 per cent alcohol. The iodine, in 
turn, must lie removed by further 70 per cent alcohol in one or two changes of 
one-half minute each. One of the chief advantages of using port-wine alcohol is 
that it discolors the succeeding alcohol step, giving warning that the reagent is 
becoming contaminated. If one is hurried, the steps required to remove the mer- 
cury may be ignored, but the resulting preparations are not uniform. 

Mordanting. The important step of mordanting is performed with from 3 to 
5 per cent violet crj'stals of ferric ammonium sulfate in distilled water. Upon 
this treatment depends the selective action of hematoxylin used later. Here, 
too, a definite minimum of time must be met for good results. For fecal films, 
this appears to be from three to five minutes. A longer period, while not hannful 
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to staining, generally exerts a macerating effect on the film. It is frequentlj' 
claimed that the mordanting is better if allowed to act over-night. This mn y be- 
true of tissue sections in which somewhat different stain values are sought, but it 
does not applj’- to fecal films. Ferric ammonimn sulfate stock solution keeps 
wen. It degenerates v.ith use, however, and should be replaced dail3^ The 
mordant must be washed out of the film or it will blacken the hematoxj'lin. One 
minute’s washing in running tap water will accomplish this. 

Staining. The film is placed for one minute or more in hematoxj^lin solution 
to overstain the protozoa, for which the mordant has given it selective affinity. 
To do this, a suiprisinglj^ short time suffices. It is essential that one reahze the 
aim of this step. It has been timed in other methods either to ehminate differ- 
entiation or to facilitate the action of the differentiating solution used later. For 
instance, if the mordant or picric acid is used for differentiation, the staining must 
be prolonged. IMost of the alum hematoxjdins give poor results at this step, 
regardless of time. One week old aqueous 0.5 per cent hematoxj'lin viU be found 
quite satisfactory* when used for one or two minutes. If this solution is to be 
used only* occasionally, it can best be prepared by* ha^^ng at hand a 10 per cent 
solution of commission-certified hematoxy*lin cry’stals in 95 per cent alcohol. This 
stock should be kept in a well stoppered bottle for a day, after which 5 ml. should 
be diluted to 100 ml. with distilled water. The diluted stain should give a violet 
color when a drop is added to alkahne tap water. Fresh preparations require 
three to five minutes’ staining time. In general, riper hematoxylin gives darker 
results in shorter time, but this factor is not nearly* so important in staining proto- 
zoa as in tissue. Protozoan cy*sts usually* require shghtly longer staining periods 
than do trophozoites. 

Differentiation. The stained preparation is next- differentiated two minutes 
or more in 2 per cent aqueous phosphotungstic acid solution. If the film is thick 
or heavily stained, a longer time is required than when a light overstain has been 
obtained. In any* case, the differentiation is automatic and self-limiting; films 
wiU not be decolorized whether left two minutes or two hours. The background 
is progressively* destained lea^ing the protoza unchanged, a fact which is note- 
worthy* in preparing films containing smaller cy'sts for teaching purposes. For 
such preparations, one hour in phosphotungstic acid is recommended. 

Washing. Following differentiation, the film is washed in tap water or dilute 
alkali to blue the hematoxylin. It is then dehy*drated through 95 per cent and 
absolute alcohol to xy*lol and moimted in dammar. Fogging will result if dehy*- 
dration is incomplete. 


SUMiLVPvY 

A modification of Heidenhain’s iron-hemato.\y*lin method of staining intestinal 
protozoa is presented. The basic change is the application of 2 per cent aqueous 
phosphotungstic acid for differentiation. Uniform permanent film preparation 
of fecal specimens may* be made rapidly* by’’ the modified procedures, even by* 
persons of limited experience. 
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RECTAL SWAB METHOD FOR ISOLATING 
EBERT H ELLA TYPHOSA. 

Its Use ix a Typhoid Epidemic* 

A. H. STOCK,! Waj., MC, F. B. WARNER, Capt., MC, A. F. CATTO, Sgt., 

AXD A. ASHUTE, T/Sgt., Med. Dept. 

From the Second Medical Laboratory, U. S. Army 

In Januarj' 1945, during the waning course of a typhoid epidemic among 
civilians in Prato, Italy, we had the opportimitj' to use the rectal swab method 
for isolating Eherlhella typhosa. Cultures were made bj' the rectal swab method 
in two classes of patients: (1) new patients suspected of tAphoid fever who were 
admitted daih* to the civilian hospital; and (2) a group of about 250 foiaaer pa- 
tients who had been discharged to their homes without an attempt to determine 
their status as camel’s. 


AIETHOD 

The patient wa.s placed on a table or bed on his side, vrith thighs and knees sharply flexed 
so that the knees were close to the chest. One glo%'cd hand of the operator raised the upper- 
most buttock bringing the anal orifice into view. A cotton tipped swab moistened in selenite 
F enrichment broth for lubrication was gently inserted into the rectum of the patient for 
a distance of two or three inches and given one or two twists; deep breathing by the patient 
aided the insertion. The smalt wet swab could be inserted easily in this manner even with 
patients who had hemorrhoids. Immediateh’ on removal, the swab was dropped in selenite 
F broth contained in test tubes plugged with cotton. The cultures, after transport to the 
base laboratorj', were incubated over-night, then shaken and plated on deso.xycholate 
citrate agar. Colorless colonics appearing on incubation were isolated and identified bj- a 
simplified serologic Salmonella tj-ping method shown to us b\- Captain D. \V. Bruner, V.C., 
of the Fifteenth Medical General Laboratory". 

RESUliTS 

Cultures were taken by the rectal swab method from each of about 100 febrile 
civilian patients vith suspected typhoid fever and E. typhosa was isolated from 
89 of these patients. In general, a positive culture was obtained from the first 
rectal swabbing of patients with tx-phoid fever, but occasionally two or three 
swabs had to be made. Rectal swabs were also taken from each of 250 former 
patients who had been discharged to their homes and among these patients, ten 
convalescent carriers of typhoid bacilli were found. 

Other enteric pathogens found were Salmonella typhimuriian and a few strains 
of dysentery bacilli (Sonne, Boyd 88, Boyd 119 and arabigua). Selenite F en- 
richment is to.xic to some strains of dysentery bacilli, ^ - so that if these bacteria 
are sought direct plating of the rectal swabs on selective medium is essential. 

* Received for publication, April 30, 1947. 

t Present addre-ss: Children’s Hospital of Pittsburgh and Lmivereity of Pittsburgh 
School of I^Icdicine, Pittsburgh, Pennsylvania. 


7.59 



7G0 


TECHNICS 


SUMMARY 

Wlien t3’^phoid patients are constipated, or in typhoid epidemics, rectal 
swabbing followed bj" enrichment and plating of cultures on selective medium is 
a practical procedure for the isolation of Eberthella typhosa. 
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UTILIZATION OF VITA^IIN B, CONJUGATE IN 
PERNICIOUS ANEAIIA* 


E. A. SHARP, IM.D., axd E. C. VOXDER HEIDE, IvI.D. 

Ftoiu ihe Anemia Laboratory. Out-Patient Department, Harper Hospital, and the 
Medical Service, Hematologic Section, Receiving Hospital, Detroit, Michigan 

The firet obsen^ations regarding the utilization of Vitamui orally by anemic 
subjects were reported in 1943 J- Although the material used at that time was 
in conjugated form, the fact was not emphasized in the report because dis- 
tinction between the conjugated and free foiTtis was not appreciated then. In 
this initial report., two patients had an established diagnosis of Addisonian ane- 
mia for some years before the experiment, while the others had chronic anemias 
due to various knoum and unknoum causes. It was found during the study that 
untreated normal controls excreted from 1.5 to 3.5 micrograms of free B^ in 
twenty-four hours, while determinations in patients with anemia (including 
pernicious anemia) prior to treatment showed total values as low as from 0.5 
to 2.0 micrograms in twenty-four hour specimens of urine. 

Further, in these earh* observations during the daily administration of from 
2.8 to 4.2 mg. of Be conjugate (3'east concentrate) the excretion of free Be was 
found to be increased to values ranging from 94 to 334 micrograms in twentv*- 
four hour specimens of urine. Sub.sequenth', comparable values in urinaiy 
excretion were found in two additional patients with Addisonian anemia in 
severe relapse, who were treated with similar amounts of Be conjugate. 

^lore recently, contrary observations on the utilization of Vitamin Be con- 
jugate in pernicious anemia have been reported by Bethell, Swenseid, Bird, 
^lej'ers, Andrews and Brown^ and Welch, Heinle, Nelson and Nelson.-"^ Bethell 
and his associates found free Be in the urine of five patients vith pernicious 
anemia, during the daily oral administration of 4 mg. of Be conjugate, in amounts 
onl\' equal to that present in the urine prior to treatment. They administered 
a conjugate prepared from yeast similar to that used in our above-mentioned 
experiments of 1943. It is also worthj' of remark that there were no conse- 
quential hemopoietic phenomena obseiwed b\^ BetheU and his associates in theii’ 
patients during the period of ten dales’ treatment. 

Welch and Ms associates-® gave Be -conjugate (ptero3’lheptaglutamic acid) 
in a dail}' dose of 1 mg. oralh' to a patient with pernicious anemia in relapse for 
ten days without human gastric juice, and for eleven da3'S with 100 cc. of human 
gastric juice during which time free Vitamin Be (ptero3-lglutamic acid) v as not 
released. A second patient in relapse was given 0.85 mg. of free Be dailv foi 
ten da3"s b3* the intramuscular route during wMch period there vas a leticulo- 
C3'tosis of 3 per cent and an average urinaiy elimination of Be of 15 pei cent. 
The same patient was then given 2.5 mg. of the Be conjugate daih' b3' the intia- 
mu.scular route for twelve da3's without hemopoietic response and vith a urinap^ 
excretion not exceeding 1 per cent of free Be. One large dose of 30 rag. of t le 

* Received for publication, Jul\' 2, 1947. 
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conjugate was also found to cause no hematologic changes, nor was any of the 
free form excreted in the urine during twelve da 3 ''s’ observations. 

In ^dew of the contradictory observations on the oral utilization of Be con- 
jugate by patients having established Addisonian anemia, a new series of four 
patients was selected bj' us for this study, two of whom were recently admitted, 
the other two being recidivists. All conformed to the clinical criteria of Addi- 
sonian anemia, shoving the megaloblastic bone marrow characteristic of this 
disease. The Vitamin Be content of all urine specimens was determined by 
microbiologic assaj^ as described bj’’ Bu-d, Bressler, Brovm, Campbell and 
Emmett.® The hematologic data, dosage and urinary e.xcretion of Vitamin 
Be are enumerated in tabular form for each of the four patients of this series 
(see Tables 1 to 4). 



Fig. 1 . The erythropoietic response and urine e.xcretion following the 

daily oral administration of 27.2 mg. of Vitamin Be conjugate. Note 
the slight increase in erythrocjdes after the conjugate was increased 
to 54.4 mg. daily. 

THERAPEUTIC STATUS OF ‘rUTAJIIN Be 

Since Pfiffner and Iris associates*' armounced the isolation and identification 
of a nev member of the \itamin B complex in 1943 as ha\Tng “antianemia” 
' aggressive investigations have been directed toward its evaluation in 
human anemias. Sharp, ^ onder Heide and Wolter,*- using j’^east concentrates, 
demonstrated only minor hemopoietic improvement in pernicious anemia and 
rn nonpernicious anemia, but as reported at that early date (1943), it was sus- 
pected that the dosage was suboptimal. Berry, Spies and Doan" demonstrated 
air elevation of circulating leukocjTes in some patients follovmg intravenous 
injection of a Vitamin B^ conjugate prepared from liver. The leukopoietic 
p enomena in these patients were due to an increase in neutrophils. Watson 
an cO'A\oikeis^® studied the effect of Laclobacilltis casei concentrates on re- 
lactorj^ anemias, and particular!}’' on leukopenia. In some patients who were 
made leukopenic by i-adiation, they observed a favorable leukopoietic effect 
but little change in the erythrocjTes and in the hemoglobin. Moore, Bierbaum, 
em e an V elch*® extracted the mtarain fi-om spinach and grass, but obtained 
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indifferent responses in pernicious and other macrocviic anemias. Castle and 
his associates' fed purified casein, cn'stalline Vitamin B complex, and Vitamin 
Be in amounts varjdng from 2.3 to 3.6 mg. daily M-ith negligible hemopoietic 
effect. 

Little progress regarding the hemopoietic effect of Mtamin Be could be made 
because of its limited production from 3'east and liver. 

In 1945, Angler and associates^ announced the .s\mthesis of the L. ca-sei factor 
or the free form of Vitamin B^ which has been designated as folic acid. In- 
numerable clinical studies followed with the result, to date, that folic acid has 
been asse.ssed as effective in macroc3'tic t3*pes of anemia and hemopoieticalh* 



Fig 2. Response of a severeh’ relapsed pernicious anemia to folic acid bj’ the intramuscular route. 
reticuloc.vte value of 58 per cent is appro.\imatel 3 ' the ideal calculated per cent. 


active in pernicious anemia. In the latter anemic state, however, the effective 
dose has been found to be variable 63* either oral or parenteral routes; dail3' 
amounts as small as 5 mg. have induced slow remission in some patients, wliile 
other patients have required from 50 to 100 mg. daih*. The disturbing feature 
in treatment of Addisonian anemia vith folic acid alone is the progressive 
neural changes that have been observed despite a favorable hemopoietic re- 
sponse. A report of two cases v.ith this relapsing phenomenon was made in 
1946 1)3' Berman and .lacobson.- One of their patients showed progressive 
neurologic exacerbation despite the oral administration of 400 mg. of folic acid 
weekl3", although the hemopoietic response on from 20 to 60 mg. daih' followed 
the expected pattern of lemi^ion (see Fig. 2). Heinle and WelclV observed 
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progressive neurologic relapse in pernicious anemia treated vith folic acid, and 
suggested the possibility that it may actually precipitate exacerbation of path- 
ologic neural processes. A'leyer® found that folic acid in doses of from 15 to 
50 mg. orally and 20 mg. intramuscularly produced submaximal reticulocytosis 
in pernicious anemia, but failed to prevent the development of neurologic 
sjTnptoms. 

Steinkamp and co-workers*^' and others have proved beimnd doubt that 
folic acid is utilized in various forms of blood disorders, including anemia; the 
average excretion in normal states found b}’' Steinkamp and associates, was 
about 2.34 micrograms in twenty-four hours. This figure for the noi-mal person 
agrees ndth our own observation mentioned above. 

UTILIZATION OF VIT^UIIN Be CONJUGATE 

The nonutilization of Vitamin Be conjugate by patients ha\dng pernicious 
anemia, observed b}’’ several investigators cited above, cannot be explained 
readily in \dew of our original findings and the additional data in Tables 1 to 4. 
Three of the four patients in this series showed a high concentration of free 
Vita min Be in the urine. The fourth patient (Table 4) showed a bizarre pattern 
of utilization in that appreciable quantities Avere excreted for two days following 
a daily dose of 6 mg. of the conjugate, and then the patient failed to excrete a 
calculable amount for three das’-s. FolloAiing this negative phase, amounts of 
free Be Avere found in the urine comparable to normal excretion; then on the 
addition of Ventriculin, 30 Gra. daily, extremely large amounts of Be Avere pres- 
ent in tAA^ent 3 ’’-four hour urine specimens. The hemopoietic effect throughout 
thirt}’’ da5''S of observation AA'as slight, although remission appeared to be im- 
pending after administration of Ventriculin AA'as started. 

Patient We (Table 1) shoAA'ed a greater unifonnitj' of utilization of Be con- 
jugate, There AA'ere three deteiminations that did not conform to the general 
IcA’^el, hence one Avould suspect error in the collection of urine samples. This 
patient shoAA'ed a reticulocj'tosis of 22.4 per cent on the tenth daj' of treatment, 
and had a secondaiy rise to 30.8 per cent despite a pneumonic process. The 
highest urinaiy concentration of free Be AA'as found during this period, 7800 
micrograms in tAventy-four hours, and AA'as not equaled in the final ten da3’'S of 
treatment AA’hen the dose AA'as doubled. Considered from a hematologic vIcaa'- 
point, the prolonged reticulocj'tosis confoimed to the pattern frequently seen 
AA'hen the dosage of potent antipernicious anemia factor is suboptimal. Further, 
infection Avould contribute to delaj'^ed eiythropoiesis, hence it can be assumed 
that the amount of Be conjugate being giA'en AA'as inadequate, either because of 
suboptimal loA'el for this patient, or because of a complicating infection. Ordi- 
naril}', hoAvever, if the dosage of potent antipernicious factor AA'ere optimal, 
satisfactoiy phenomena of earlj' remission should haAm occurred AA'ithin the nine 
day period prior to the onset of pneiunonia. 

Patient Hi (Table 2) Avas treated AA'ith the largest dailj' dose of Be conjugate, 
54.4 mg., but shoAA'ed the least hemopoietic effect and the slightest utilization. 
Doubtless these phenomena are correlath'es, but the explanation is obscure. 



TABLE 1 
Patien't Vv'e 


Yitaiiix Be Con-jugate ix Pernicious Anejiia 


DATE , ^946 

■ 

■ ■ 

EEC 

aOLLIONS 

HE5IOGLOBI?; 
PER CEKT 

EETICtrLOTYTES 
PER CEKT 

lECEOCTTES 

CT.nrE 24 Hot'E 
E.XCRETIOK Be 
e; incp-OG?_4i's 

ORAL DOSE, IIG. Bg 
CONJECATE 

Hay 20 

1.92 

51 

l.S 

3,350 



22 

■ 




163.8 

27.2 

23 

1.65 

42 

0.8 

3,400 


(Equivalent, to 10 


i 





mg. free folic 







acid) 

24 

1.85 

41 

0.9 

4,400 

1667.5 

27.2 

25 



1.2 


154.9 

27.2 

26 



l.S 


2100 

27.2 

27 

1.50 

36 

4*0 

9,800 

1817 

27.2 

28 

1.35 

32 

7.5 

9,400 

1760 

27.2 

29 

1.44 

38 

10.0 

15, 650 

2194.5 

(Pneumonic signs) 

30 



13.1 


1000 

27.2 

31 

1.43 

34 

14.4 

15,150 

1890 

27.2 

June 1 



22.4 


931.7 

27.2 

2 



22.2 



27.2 

3 

1.62 

39 

17.8 

15,200 

1260 

27.2 

4 

1.// 

39 

16.2 

H3,000 

2142 

27,2 

5 

1.74 

43 

24.2 

11.000 

• 

27.2 

6 

1.79 

42 

29.4 

9,600 

2400 

27.2 

7 

1.75 

43 

30.8 

12,150 

2640 

27.2 

8 



22.5 


16S0 

27.2 

9 



13.6 


7800 

27.2 

10 

1.81 

40 

12.5 


3640 

27.2 

11 


43 

11.6 


2860 

54.4 

12 


46 

8.9 


2100 

54.4 

13 


42 

8.0 


4.1 

54.4 

14 


50 

7.9 

8,400 

4050 

54.4 

18 


47 

6.S 





TABLE 2 
Patient Hi 

Yitaxiin Be Conjugate in Pernicious Aneml\ 


DATE, 

1946 

RBC 

l!ILUO^’S 

HEIIO GLOBIN' 
PER CENT 

EZTICE1^5CVTES 
PER CENT 

LEUEOCYTES 

! trstsx 24 notrp. 

; EXCRETION' Be 
! IK lUCP.OCRAUS 

j 

OR.ALDOSE, iro. 
Be CON'JEGATE 

June 

6 

1.06 

32 

1.8 

2,200 

I 



7 

1.17 


1.2 

7,500 

1 1.0 

54.4 


9 

1.19 


1.8 


i 

54.4 


10 

1.26 

34 

1.7 

4,200 

I 3.9 

54.4 


12 

1.23 

32 

2.1 

3,400 

1 4.1 

54.4 


13 

1.30 

31 

2.3 

4,150 

1 3.5 

54.4 


14 

1.27 

30 

0.7 


j 12.5 

54.4 


15 



3.0 


1 6.6 

54.4 


17 

1.21 . 


4.5 


i 5.9 

54.4 


19 

1.27 


9.2 


1 1.5 

54.4 


20 


, 

4.0 


lOS.O 

54.4 


21 

1.27 

33 

6.6 


j 170.0 

54.4 


24 

1.32 

39 

4.0 


1 

54.4 


25 

1.40 

36 

oTT 



54.4 


28 

1 .55 

47 

5.5 

6,250 

1 

j 

54.4 

Juh’ 

3 

1.75 

54 

2.8 


i 

54.4 
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It is well kno\\'n, of coui’se, that an occasional patient with Addisonian anemia 
fails to respond to administration of Ventriculin or liver when given orally in 
amounts even greater than the estabhshed daily dose. The possibility, there- 
fore, is ob\dous that there may be the same unresponsiveness in the case of 
either conjugated or free Vitamin Be when given orally. This exception suggests 
that there are unknown factors involved in the metabolic processes of perni- 
cious anemia. In this series of patients, the bone marrow showed the classic 
megaloblastic ts^e, which would imply uniform responsiveness. It is suggested 
that exploration of other systems may be necessary before the difference be- 
tween these tjTjes can be elaborated. 



, Fig. 3. Treatment of relapsed pernicious anemia with folic acid orally in a patient show- 
ing progressive severity in neural changes despite weekly dose of 400 mg. 

Apparently the variability in utilization and in responsiveness of Be conjugate 
in pernicious anemia is not encountered with the free form in macrocy'tic anemia. 
Spies," Berry and Spies,^ Spies, Vilter, Koch and Caldwelh® have found fohe 
acid effective in macrocjdic anemia of various types and Spies, Lopez, Menen- 
dez, hlinnich and Koch*'* have also demonstrated the hemopoietic efficiency of 
the 'v itamin in sprue. More noteworthy and pertinent to this particular study 
is the reported effectiveness of Vitamin Be conjugate in the treatment of tropical 
sprue by Suarez, Welch, Heinle and Suarez.*® Further, Spies, Lopez, Alilanes 
and Aiamburu*® have confirmed the observations of Suarez and associates re- 
garding the thei'apeutic efficacy of folic acid, not only in sprue, but in relapsed 
Addisonian anemia and nutritional macrocytic anemia, significantly enough 
by the use of a synthetic conjxigate of folic acid. 



TABLE 3 
Patiest 


YiTAJUN- Be Co.VJUGATE IX PEPA'ICrOt-S AXEjfiA 


DATE, 1946 

■1 

\ nBC 

i itn-uoss 

I 1 

^ HEilOGtOBIK i 

1 PERCXNT 1 

i t 

1 

RExrctrLrxmxs \ 

FEE CEJOl » 

EZtrKOCVXES 

! imtN-E 24 HOCK 1 
i EXCRETION' Be ; 
i IN incKCK;K,«rs i 

i 

OEAC MSE, ilG. 
Be CONjrCATH 

Sept. 10 

! 1.95 

i 50 j 

1.0 1 

2,700 

J 5 

1 i 


11 

I 1.97 

1 51 S 

0.4 j 

4,100 

; ! 


12 

1 2.05 

1 ^9 1 

0.6 ! 

2,600 

■ 1 


13 

^ 2.04 

1 1 

0.2 

3,6.50 

f i 


14 


f 1 

^ \ 

1.5 1 


1 6.11 ; 


15 

i 

; t 

( i 

0.7 : 


15. S ' 

27.2 

16 

; 2.14 

1 4S 1 

O.S i 

3,3.50 

: 6.05 1 

27.2 

17 

1 2.12 

1 52 i 

0.5 : 

3,400 

I21 .04 ^ 

27.2 

IS 

i 2.25 

1 47 1 

1.0 ;• 

3,000 

; 706.16 ■■ 

27.2 

19 

1 2.10 

i 43 ! 

0.9 i 

3,600 

i 1430.00 : 

27.2 

20 

! 1.90 

> 42 1 

2.6 t 

2,900 

1 4S9.90 i 

27.2 

21 

( 

1 1 

1.0 f 


1 220.8 ; 

27.2 

22 

1 

1 1 

4.0 ‘ 


1 650.00 ‘ 

27.2 

23 

! 2.29 

1 48 

4.3 i 

2,800 

! 492.00 ! 

27.2 

24 . 

1 2.20 

50 ’ 

6.9 ! 

5,000 

1 13SO.OO i 

27.2 

25 

; 2.26 

1 52 I 

6.4 ! 

3,850 

; 1966.50 

27.2 

26 

s 

1 ! 

< f 

3.0 j 

4,900 

i 78.00 i 

27.2 

27 

! 2.45 

1 51 1 

2.3 1 

6,200 

! 735 i 

27.2 

28 

r 

i 

! f 

{ 5 

3.8 1 


; 26.0 , 

Discontinued 

29 

1 

» 

( 1 

4.6 i 


; 11.25 ; 


30 

2.40 

1 51 ! 

2.2 ; 

7,400 

• ! 



! ! ' I 




Vitamin Be 

T.\ble 4 

P.ATIENT pE 

CosjvG.^TE IN' Pernicious .A.nemia 

I 

DATE, 1946 i 

i 

) 

i 

EEC 

iOlXIOKS 

1 ! 
i i 

1 UEMOCLOBIN j 
i PER CEST ! 

j 1 

1 ! 

■RZTICVLO- 
CYTES PER 

csz>x 

1.ECKOCVTES 

! CRI.NE 

1 24 HOCK j 

: EXCRETION 1 

i Be rs' 

t UICE0GR;\iI5 ! 

irEDiCAXios 

May 22 | 

3.08 

I T1 1 

1.0 

6,000 

I 1.9 j 

Be conjugate 6 mg. 

i 

4 


i ! 

i i 



1 i 

daily orally. 

23 1 

3.00 

iO 

CD 

0.9 

4^250 

j 756.0 1 


24 1 

3.16 

! 1 

0.8 

4,500 

1 787.2 i 


27 i 

2.84 

i 74 1 

0.9 


67.8 j 


29 1 

2.76 

\ 74 ! 

0.4 

4,700 

i 17.5 i 


June 2 i 

3.03 

1 69 1 

1.0 

5,100 

j J 

1 

Yentriculin ivith iron 

1 

i 


1 i 

] 

i 


i 

1 

30 gm. 4- Be 6 mg. daily 

^ i 

3.14 

1 76 1 

0.6 

6,950 

i 


5 ! 

2.85 

I 72 i 

0.9 

5,500 

3.3 1 


9 1 

2.80 

1 64 i 

0.8 

7,600 

3.1 


14 

2.86 

1 70 1 

0.8 

6,400 

3.4 I 


1 

2.95 

1 71 1 

1.0 

4,550 

3000 1 


19 I 

3.26 

i ™ 

1.7 

5,500 

1 3045 1 


21 

3.35 

1 81 1 

1.5 

5,900 

4960 ! 


24 


1 i 



CO 


25 1 

. i 

3.25 

I 76 1 

1.0 

5,900 

! 
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SUSEWARY 

ControvGi’S}’ lias existed as to the utilization of Vitamin 33c conjugate liy 
patients in the relapsed phase of pernicious anemia. Ttliile the scarcity of 
this fomi of the \dtaniin in pure state has limited the obsenmtions to a few 
cases onlj’-, the data cited herein confiim our less exact observation reported 
preidousby: that excretion in the urine of the free foirn of Be in high concentra- 
tions follows the oral administration of the conjugate in doses ranging from 6 to 
27.2 mg. 

In contrast to the above positive values after the oral use of the Be conjugate, 
one patient given 54.4 mg. daih’’ failed to show any appreciable utilization as 
judged by urinaiy excretion or bj’' hemopoietic changes. A second patient 
also failed to excrete the idtamin until Ventriculin was. given. As was true 
with our patients preidouslj* treated, the present series of patients in relapsed 
pernicious anemia did not manifest anj’’ striking hemopoietic responses other 
than reticuloc 3 dosis in several instances. It is assumed that the dosage was 
suboptimal, or that complications prevented the usual hematologic response. 

The idtamin in the form of sjmthetic folic acid induced a satisfactoiy eiythro- 
poietic response in severel}’' relapsed Addisonian anemia but failed to prevent 
progressive neurologic changes in some instances. 

Since Spies and his associates have demonstrated hemopoietic efficacy in 
pernicious anemia and other macrocjd.ic anemias bj’’ the use of a sjmthetic folic 
acid in the conjugated form, it is believed that the probable negative results 
with the natural conjugate, as re\iewed in this report, are due to suboptimal 
dosage and possiblj’’, to some degree, are attributable to an indi^^dual variabil- 
ity of metabolism in Addison’s anemia when this substance is given bj’' the oral 
route. 


Achiowhdgmcnl. The authors acknowledge with thanks the cooperation of Dr. 0. D. 
Bird, Head of the Chemical Vitamin, Research Division of Parke, Davis and Company, in 
making the determinations of Vitamin in all urine specimens. 
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EFFECT OF LIPIDS ON ICAHN ANTIGEN. 

III. INCRE.A.SING Sensitivity of Kahn Standard Antigen to the 
Level of K-vhn Sensitized Antigen by Addition of 
Alcoholic Extract of Soy Be.'VN Lecithin* 

ALBERT H. -OLIEELER, Dk. P.H., and ELLA M. BRANDON, A.B. 

From the Serology Laboratory, University Hospital, University of Michigan, Ann 

Arbor, Michigan 

In an earlier publication^ it ivas reported that the addition of a purified 
alcoholic extract of soy bean lecithin to undersensitive Kahn antigen increased 
its titer with salt solution and its sensitivity with syphilitic serams. Subsequent 
experiments with this method indicated that a simple alcoholic e.xtract of com- 
mercial soy bean lecithin could also be used successfullj’- for this purpose. On 
the basis of this latter observation, attempts were undertaken to emploj’’ such an 
exti-act in the preparation of antigen possessing the titer and sensitivity require- 
ments of Kahn sensitized antigen. The results summarized below indicate 
that sensitized antigen can be prepared by the addition of an alcoholic extract 
of commercial so}’- bean lecithin to Kahn standard antigen. 

:\iateri.als and methods 

Antigens. Four standard antigens were selected for this study: (1) Lot 92 
which had been corrected b}^ the addition of a small amount of sensitizing rea- 
gent and by dilution with 0.6 per cent cholesterolized alcohol; (2) Lot 97 which 
had been corrected bj" dilution vith cholesterolized alcohol; (3) Lot 98 which had 
been corrected by the addition of egg lecithin and (4) Lot 99 which had been 
corrected by dilution with cholesterolized alcohol. Antigens Lot 92 and Lot 97 
were prepared from single lots of Bacto-Kahn beef heart while Lot 98 and Lot 99 
represented mixtures prepared from two or three lots of the beef heart. 

Soy hean lecithin. A solution of lecithin was prepared by adding 1 gm. of 
commercial soy bean lecithin (furnished by the Difeo Laboratories) to 100 ml. 
of 0.6 per cent cholesterolized absolute alcohol. This solution was placed in a 
water bath at 56 C. for about thirty minutes, allowed to stand over-night at room 
temperature and then filtered. Two solutions were made in this waj’' from two 
lots of commercial soy bean lecithin, No. 14662 and No. 16597 (Difeo). The 
former was more liighty oxidized than the latter. 

Method of antigen titration. This technic was the same as that described for 
ICahn standard antigen,^ except that larger amounts of 0.9 per cent sodium 
chloride solution were used in preparing the antigen: salt solution mixtures. 
Generalty, five suspensions of an antigen were prepared b 3 '^ mixing 1 ml. 
quantities of antigen with 1.9, 2.0, 2.1, 2.2 and 2.3 ml. of 0.9 per cent sodium 
chloride solution. A control was set up at the same time using a known lot of 

* Aided by a grant from the Difeo Laboratories, Inc., Detroit, Michigan. Received for 
publication, June 23, 1947. 
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Kahn sensitized antigen at its indicated titer. Tliree-tiibe Kahn tests %rere 
emplo 3 'ed to deteimine the antigen titer, using 0.9 per cent salt solution instead 
of semm. The description of the titration readings ranging from heaty non- 
dispersible aggregates to those of water claritj' are listed below, together tnth 
abbreviated designations when abbretdations are used. 

Heart' aggi’egates — Heat-t' agg, 

Cloudt’, aggregates — Cloudt', agg. 

Cloud}', fuzzt' 

Cloud}' 

Slightly cloudy — ^Sl. cloudy 
Trace cloudy — ^Tr. cloudy 
Opalescent (Titer) 

Trace clear — ^Tr. clear 
Slightly clear — SI. clear 
Shghtly too clear — ^Sl. too clear 
Too clear 
"VTateiy clear 

Methods of converting Katm standard antigen to sensitized antigen. Ten ml. 
samples of two of the standard antigens, Lot 97 and Lot 98, were diluted 5, 10 
and 20 per cent with a 1 per cent soy bean lecithin solution. These samples 
were titrated ^vith 0.9 per cent sodium chloiide solution, according to the above 
procedure. The samples diluted 10 and 20 per cent with soy bean lecithin 
solution gave very cloudy and imsatisfactor}' titration pictures. Hence, samples 
of the other two antigens. Lot 92 and Lot 99, were only diluted 5 per cent with 
this lecithin solution to obtain a preliminar}' titration picture. 

After an acceptable titer had been obtained, the sensitivities of the antigens 
were tested with s}'philitic and nonsx'philitic senuns, using Kahn sensitized 
antigen as a control. Further adjustments were made when necessary, by 
decrea.sing the amount of so}' bean lecithin added to the antigen, Isy the addition 
of cholesterolized absolute alcohol and/or by small adjustments in the amount 
of salt solution u.sed in the titer. A 50 ml. sample of each antigen was then 
prepared according to the corrections deteiTnined for the 10 ml. tesd sample 
and was rechecked by making comparative tests with a control lot of Kahn 
sensitized antigen. 


EXPERGIEXT.\L 

1. The effect of an alcoholic e.xtracl of soy bean lecithin on the titration 'picture of 
Kahn standard antigen. Two lots of Kahn standard antigen, 97 and 98, were 
diluted as indicated, 5, 10 and 20 per cent with a one per cent solution of soy 
bean lecithin No. 16597. Titrations were performed on the diluted antigens 
emplo}dng 0.9 per cent sodium chloride solution. The results of this experiment 
are given in Table 1. 

It can be seen from Table 1 that 5 per cent dilution with the soy bean lecithin 
solution inci-eased the titer of the two antigens used from the standard to the 
sensitized range. Thus, while the titer of Lot 97 and Lot 98 was 1 -r 1.3, a 
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5 per cent dilution of the antigens with soa' bean lecithin solution i-aised the titer 
to about 1 + 2.2. However, 10 and 20 per cent dilutions with this lecithin 
solution produced cloudiness and aggregates throughout the titration pictures 
and no titer Avas obtained. 

2. The effect of alcoholic extracts of different lots of soy bean lecithin on the 
titration picture of Kahn standard antigen. The first e.xperiment .shoAAung the 
capacity of soa^ bean lecithin to increase the titer of Kahn standard antigen was 
made Avith a 1 per cent lecithin solution No. 16597. Another 1 per cent solution 
was prepared from soy bean lecithin No. 14662, a more highly oxidized material 
Avhich produced a dark amber colored extract. A studj^ Avas undertaken to 


T.A.BLE 1 

ClI.AXGES IN' TiTII.A.TION' PICTURE OF K.AHN' StAN'D.ARD An'TIGEX FoLLOAVIN'G THE ADDITION' 
OF Alcoholic Extr.acts of Soa' Be.\n' Lecithin' 


TITRATION PICTURE OF KAHN 1 

STANDARD ANTIGEN 1 

TITRATION PICTURE OF ANTIGENS DILUTED ^VITH SOV BEAN LECITHIN 

Amounts in 
ml. of anti- 
gen and salt 
solution 

Titration readings 

Amounts in 
ml. of anti- 
gen and salt 
solution 

Titration readings of antigens diluted with various amounts of a 
\% solution of soy bean lecithin e.^tract 


5% dilution 

10% dilution 

20% dilution 

.\ntigen Lot 97 

1 + 1.1 

Tr. cloudy 

1 + 1.9 

SI. cloudy 

SI. cloudy 

Cloudy 

1 + 1.3 

Opalescent* 

1 + 2.0 

Tr. cloudy 

Tr. cloudy 

Cloudy, agg. 

1 4- 1.0 

Tr. clear 

1+2.1 

Tr. cloud}' 

Tr. cloudy 

Cloudy, agg. 

1 + 1.7 

SI. clear 

1+2.2 

Opalescent 

Tr. cloudy 

SI. cloudy 

Antigen Lot 98 

1 + 1.1 

SI. cloudy 

1 + 1.9 

Cloudy, agg. i 

Cloudy, agg. 

IleaA'y agg. 

1 + 1.3 

Opalescent 

1 + 2.0 

Cloudy, agg. 

Cloudy, agg. 

HeaA’^y agg. 

1 + 1.5 

Tr. clear ! 

1 + 2.1 

SI. cloudy, agg. : 

Cloudy, agg. 

HeaA’v agg. 

1 + 1.7 

SI. too clear j 

1 + 2.2 

SI . clear j 

SI. cloudA' 

1 

SI. cloudy 


* Opalescent indieates the titer. Xo titer was obtained in those titrations Avhich do 
not sliow opalescence at some point. 


compare the effect of these two extracts on the titer and titration picture of 
Kahn standard antigen. The results of this study are given in Table 2. 

It is shown in Table 2 that the lecithin solution prepared from the more 
oxidized material, No. 14662, is the more actiA'e. It can be seen that dilutions 
of both antigens Avith this soy bean lecithin solution shoAved higher titers than 
similar dilutions made Avith lecithin solution No. 16597. This finding suggests 
that the degree of oxidation of the gummj’' lecithin material maA' affect the 
characteristics of the extract made from it. 

3. The sensitivity and specificity adjustments of Kahn standard antigens raised 
to the level of sensitized antigen by alcoholic extracts of soy bean lecithin. The 
titration pictures resulting from the addition of so 3 '' bean lecithin, as fisted in 
Tables 1 and 2, indicated that about a 5 per cent dilution of the antigen Avith a 
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stock 1 per cent lecithin solution ^vas sufficient to raise the sensitivitj* level of 
Kahn standard antigen to that of Kahn sensitized antigen. Thus,, an arbitrar 3 ' 
5 per cent dilution was made with each of the four lots of Ivahn standard antigen 
used in this stud^'. After the preliminaiy titrations had been carried out, each 
of the antigens to which so}' bean lecithin extract solution had been added was 
tested with weakly positive s^'philitic serums and the results compared with those 
obtained with Ivahn sensitized antigen. On the basis of these comparative 
te.sts, final adjustments for sensiti^-ity were made by the addition of cholester- 
olized alcohol or by small changes in the titeiv An illustration of the correction 
of one lot, 92, is presented in Table 3. 


T-VBLE 2 

Effect of Alcoholic Extract.^ of Two Different Lot.^ of Soy Bean Lecithin on the 
Titration Picture of Kahn Standard .\ntigen 


TITR.\TION' PICTL'EE OF K\HK 
STAKD.\RD AKTICEN 

> TITRATIOX PICTCBE OF ANTIGEN'S DILUTED WITH 

SOV BEAN LECITHIN 

Amounts in ml. 
of antipen and 
salt solution 

Titration readinps 

.Amounts in ml.' Dilution with soy i 
1 of antigen and ! bean lecithin 
; salt solution solution 

' 1 ■ 

Lot Xo. 14662 Lot Xo. 16597 

Titration readinp.4 

Antigen Lot 97 

1 + 1.1 

Tr. cloudy 

1 1 2.0 1 o% ' 

Cloudy 

Tr. cloudy 

1 -f 1.3 

Opalescent* 

1 1 + 2.1 ; ; 

SI. cloudy 

Tr. cloudy 

1 + 1.5 

Tr. clear 

i 1 ^ 2.2 ■ i 

SI. cloudy 

Opalescent 

1 -f 1.7 

SI. clear 

1 -h 2.3 ! 

Tr. cloudy 

Tr. clear 



' 1 4- 2.4 i 

Tr. cloudy 

Tr. clear 

.Antigen Lot 99 

1 -f 1.1 

Tr. cloudy 

1 -f 2.0 ; 4% ! 

Tr. cloud_v 

Tr. cloudt' 

1 -f 1.3 

Opalescent 

J 14-2.1 i 

Tr. cloudt- 

Opalescent 

1 -f 1.5 

Tr. clear 

i 1 4- 2.2 ; ; 

Tr. cloudy 

Tr. clear 

1 + 1.7 

SI. clear 

: 1 4- 2.3 1 ; 

Opalescent 

Tr. clear 


* Opiilescent indicates the titer. 


Table 3A shows that I^ahn standard antigen Lot 92 diluted 5 per cent with 
.soy bean lecithin gives a satisfactory titration picture, indicating that 1+2.1 
is the titer. As seen in Table 3B, however, the reactions with s^^philitic serams 
at that titer Avere not as sensitive as those with the Ivhhn sensitized antigen 
control. "iMien the te.sts were repeated emploA-ing a titer of 1 + 2.0, the re- 
actions were slightly more sensitive than the control tests. Thus, a titer of 
1 + 2.05 was used in a third set of tests (.seniras 11 to 15 in the table) and in 
this case the sensitiAoty results AA'cre comparable to Kahn sensitized antigen 
and the opalescence of the negatiA'e reactions AA'as satisfactory. 

Ten ml. samples of each of the four antigens AA'ere adjusted to the level of 
Kahn sensitized antigen in this AA'ay. The final methods of correction are 
giA-en in Table 4. 









774 


WHEEI/ER AXD BR.\IsDOX 


Antigen Lot 92 was diluted 5 per cent with a 1 per cent solution of soy bean 
lecithin solution Xo. 16597 and was used at a titer of 1 + 2.05. Antigen 

-• TABLE 3 

ADJrsT.’ifEN'T OF Sen’-sitivity of Ivahx St.a,xd.4Rd An-tigek to the Level of Sensitized 
Antigen by tub Addition of Alcoholic Extract of Soy' Bean Lecithin. 

A. Prelijiinary Titration for Deter.mi.vation of Titer 


AilOU.NTS IN ML. OF ANTIGEN .\ND SALT SOLUTION j 

1 

TITK.^TION READINGS OF KAHN STANDARD ANTIGEN EOT 92 
DIEVIED 5% Vnm A 1% SOY BEAN LECITHIN SOLUTION 

1 + 1.9 

Trace cloudy 

1 + 2.0 

Trace cloudy 

1 + 2.1 

Opalescent* 

1 + 2.2 

Trace clear 

1 + 2.3 1 

Slightly clear 


* Opalescent indicates the titer. 


B. Adjust.ment of Titer Accordi.vg to Antige.v Se.vsitivity ivith Syphilitic Serl-jis 


SERUlt i 

ANTIGEN LOT 92, 5% DILUTION WITH 1% SOY BE.IN 
LECITHIN SOLUTION 

SENSITIZED ANTIGEN (CONTROL) 


Titer 1+2.1 

Titer 1 + 2.35 

1 

— 

— 

2 

- + 1 

rfc 1 1 

3 

— 

— 1 

4 

1 -- 4 

— ±4 

5 

Tr. clear* 

Titer 1 + 2.0 

- i 2 

1 

1 

j 

6 

— 



7 

- + 4 

- ± 4 

s 

-+ 4 j 

— - it 3 

9 ' 

- 1 4 ! 

- ± 4 

10 

j 

i 

rt 4 4 1 

Tr. cloudy* 

i 

Titer 1 + 2.05 j 

±34 

11 

I 



12 

-± 4 j 

- ± 4 

13 

- ± 3 i 

- ± 3 

W i 

— rfc 4 j 

- ± 4 

15 

±34 j 

Opalescent* i 

±34 


* Appearance of negative reactions. 


Lot 97 was diluted siinilarl 3 '^ and used at a titer of 1 + 2.15. This latter antigen 
was also corrected bj^ a 5 per cent dilution with the 1 per cent sot' bean lecithin 
solution No. 14662 and used at a titer of 1 + 2.4. Thus indicating, as mentioned 
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above, that solution Xo. 14662 is the more active. Antigen Lot 98 was corrected 
b}' 5 per cent dilution -with 1 per cent soy bean lecithin solution X’o. 16597 plus 20 
per cent dilution with 0.6 percent cholesterohzed absolute alcohol and used at a 
titer of 1 -f 2.2. Antigen Lot 99 was corrected by 4 per cent dilution with 
solution Xo. 16597 and also by 4 per cent dilution with 1 per cent solution 
Xo. 14662. Tlie former was used at a titer of 1 -p 2.15 and the latter at a titer 
of 1 -f 2.2. 

4. The comparative results and heaping qualities of larger amounts of corrected 
antigens. Fifty ml. samples of each antigen were prepared according to the 
coiTection deteimined by the 10 ml. test samples. These larger amounts were 
titrated and then compared with Kahn sensitized antigen using syphilitic and 
nonsyphilitic serums. The sensiti'^'ity' of the 50 ml. samples compared closely 
with that of Kahn sensitized antigen and only' small adjustments in the titei-s 
were necessary'. These same samples were rechecked after about three months of 


TABLE 4 

Methods for Prep.ih.^tiox of 10 Ml. axd 50 ]Ml. S.iaiples of Sexsitized Axtigex .\xd x 

CoMP.*niiso-v OF THE Titebs Obt.^ixed 


KAHX STAXD.AHD ; 
AXTIGEX 

it 

> 

' 

coxvt;esiok to szxs'.tizzd .axtigex by DtLr-nox with: i 

TITEjJ of 10 ML. 
S.^PLES 

XITEH or 50 ilL. 
s.^ifpixs 

Lot 92 j 

5% lecithin Xo. 16597* : 

1 -f- 2.05 

1 -f 2.0 

Lot 97 i 

b% lecithin Xo. 16597 ] 

1 -f 2.15 

1 -f 2.25 

Lot 97 1 

5% lecithin Xo. 14662 | 

1 -f 2.4 

1 -b 2.5 

Lot 98 j 

5% lecithin Xo. 16597 and 20% cholesterol- i 

1 4- 2.2 

1 -r 2.15 

s 

! 

ized alcohol j 



Lot 99 I 

4% lecithin Xo. 16597 j 

1 -f 2.15 

1 -f 2.15t 

Lot 99 i 

4% lecithin Xo. 14662 j 

1 -f 2.2 

1 -r 2. .3 


* Lecithin solutions Xo. 16597 and Xo. 14662 were both one per cent alcoholic extracts of 
soy bean lecithin. 

t Two 4 liter lots were prepared in this same manner and each had a titer of 1 -r 2.15 
also. 

storage at room temperature and they were found to have the same titers and 
sensitivity' as when originally' tested. 

Two four hter amounts of standard antigen Lot 99 were adjusted to the level 
of sensitized antigen by' diluting 4 per cent with 1 per cent soy bean lecithin 
solution Xo. 16597, and the titer was found to be the same as that of the 50 ml. 
sample. These antigens were tested with weakly' positive syphilitic serums 
and gave results comparable to those obtained with Ivahn sensitized antigen. 

SIBIMAET 

A method for increasing the sensitivity' level of Kahn standard antigen to that 
of Kahn sensitized antigen by' the addition of an alcoholic extract of commercial 
soy' bean lecithin is described. Six sensitized antigens were prepared from four 
lots of Kahn standard antigen by* employing two lots of soy' bean lecitliin in 
different combination. Each newly* prepared sensitized antigen showed the 
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same sensilivity mtli Aveakly positive S3'philitic serums as the Kahn sensitized 
antigen control. When the sensitized antigens vere rechecked after three 
months of storage at room temperature, the}' shoved no appreciable changes in 
titer and sensitivitj*. 
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RECOVERY OF GROUP 0 RECIPIENT AFTER TRANSFUSION 
OF TWO LITERS OF GROUP A BLOOD. 


Report of Case t\tth Altopsy Followixg Ultblyte De.yth 

FROM C-YRCIXOMA OF LUXG AXT> PVOTHOR-AX* 

L.\WRENXE E. YOUAG, RICHARD F. PL.ATZER. M.D., CHARLES L. 

A'UILE, M.D., AND RICH.^RD L. WOODRUFF, W.D. 

From the Dej)arlmcnls oj Medicine. Pathology, and Surgery, the University of Rochester 
School of Medicine and Dentistry and the Surgical Clinics of the Strong Memorial 

Hospital, Rochester, Xew York 

The reported mortality from transfusion of blood incompatible with respect 
to the major blood groU])S is approximately 50 per cent- and is roughh' pro- 
portional to the quantit}- of blood given.^- -• Death occuired within twenty- 
four hours in most cases when more than 500 cc. of incompatible blood was 
transfused. In the case reported in this paper, 2000 cc. of group A blood was 
transfused into a gi-oup 0 patient as a re.sult of improper identification of the 
recipient when blood was drawn for cro.ss matching. The patient apparently 
recovered completely from the hemohdic reaction but died fiftj'^-three days 
later of carcinoma of the lung and pyothorax. AutopsY' failed to reveal more 
than minimal ertdence of renal damage or other abnonnalities which could 
reasonably be attributed to the transfusion. 

REPORT OF CASE 

The patient, a 58 year old white man, was admitted to the Strong Memorial 
Hospital on November 16, 1946, complaining of cough and pain in the chest. 
A diagnosis of epidennoid caremoma of the right lung was made on biopsy and 
an abscess on the right side of the chest was drained on December 3. On ad- 
mission, the laboratoiy findings were as follows: errthrocyte count, 3,730,000; 
hemoglobin, 11.8 gm. per cent; leukoc\de count, 13,500; nonprotein nitrogen, 
44 mg. per cent; total protein, 5.1 gm. per cent; chlorides, 482 mg. per cent and 
carbon dioxide combining power 59 volumes per cent. 

The patient was given 92 gm. of sulfadiazine orally i^etween November 17 
and December 3, 7,250,000 units of penicillin in saline intramuscularly between 
November 17 and December 30, and 1,300,000 units of aerosol penicillin be- 
tween November 26 and December 3. On December 4, a right pneumonectomy 
was performed under intratracheal nitrous oxide, oxx^gen and ether ane.sthesia. 
It was found that an epidermoid carcinoma involved approximately tlnee- 
fourths of the upper lobe of the lung and that there was e.xtensive necrosis of 
the tumor mass. A transfusion of 2000 cc. of group A blood from four donors 
was started in the operating room and was finished eight hours later in the 

The laboratory studies described in this report were carried out in part in connection 
with a contract between the University of Rochester (Department of Medicine, School of 
Medicine and Dentistry} and the Office of Yava! Research. Received for publication, 
July 25, 1947. 
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recover}’ room before the patient bad regained consciousness; 1000 cc. of normal 
saline was also given intravenously during the operation. The operative and 
immediate postoperative courses were not remarkable. There bad been an 
irregular fever with peaks as high as 39.8 C. prior to operation, but on December 
4, the maximum temperature was oni}’’ 38.2 C., and for the next sixteen days 
the temperature did not rise above 38.0 C. On the day following operation, 
jaundice and dark urine were noted, but there was no e^’idence of peripheral 
vascular collapse and the patient had no specific complaints. He repeatedly 
denied having any pain in the back. 

Investigation®' on December 5, the day following transfusion and operation, 
revealed that the patient’s blood was recorded as group 0 on a premous hospital 
admission for bleeding duodenal ulcer in 1942, at which time 1000 cc. of group 
0 blood was transfused without reaction. The patient’s pre-transfusion speci- 
men of blood received at the blood bank on December 3, was re-examined and 
was again found to be group A. Repetition of the cross match of this specimen 
with each of the four donors showed no agglutination. 

The patient’s (undiluted) semm, drawn twenty-four hours after transfusion, 
however, produced strong but incomplete (3 plus) agglutination of the cells of 
three Ai donors, and weaker (2 plus) agglutination of the cells of the fourth 
donor whose subgroup was Ao. The cells in the patient’s circulation twenty- 
four hours after transfusion were oni}’’ very slightly agglutinated by anti-A 
serum, a finding which indicated that nearly all of the donated cells had alread}’ 
been destro 3 ’’ed. Further investigation revealed that, due to mistaken identit}', 
the pre-transfusion specimen had been drawn from another patient. 

Two days after transfusion, the patient’s total serum bilirubin concentration 
was 11.58 mg. per cent; the direct one-minute fraction” was 5.38 mg. per cent. 
At this time the icteric index was 63 and the hemoglobin concentration in the 
senun was 269 mg. per cent. Spectroscopic studies confirmed the presence of 
hemoglobin and showed no absorption bands indicative of methemoglobin or 
methemalbumin. 

The urine on the daj’ following transfusion of incompatible blood was dark in 
color and contained a few red blood cells. The presence of bilirubin was demon- 
strated by a 2 plus Harrison test^' and positive foam and methylene blue tests. 
The guaiac test was strongly positive. Spectroscopic examination of the urine 
confiiTOed the presence of hemoglobin. The urine became normal in color on 
the fourth day, but a trace of albumin was present until the sixteenth day after 
transfusion and inteimittently thereafter. 

The red blood cell count dropped to 2,640,000 and the hemoglobin to 9.5 gm. 
per cent during the first forty-eight hours after transfusion of the incompatible 
blood (Fig. 1). A leukocjdosis of 24,000 developed postoperative!}'’ and con- 
tinued at this level for neai’ly a month. The nonprotein nitrogen rose to 100 
mg. per cent three days after transfusion and reached a maximum of 166 mg. 
per cent six days after transfusion, then slowly fell to normal in the course of 
the next month (Fig. 1). The creatinine rose to a maximum of 8.3 mg. per 
cent six days after transfusion and fell to 3.5 mg. per cent in three weeks. The 
icteric index decreased rapidly from 63 to 14 in six days (Fig. 1). 
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The isoagglutinin titers against Ai, A; and B cells are also sho%\Ti in Figure 1. 
In carrying out these titratioas the method of Wiener”^^ was employed wth the 
exception that results were expressed in terms of final dilutions of serums after 



DAYS AFTER TRANSFUSION OF INCOMPATIBLE BLOOD 
Fig. 1 

addition of cell suspensions. Titrations were also carried out with 25 per cent 
human albumin solution as a diluent (instead of saline) for both serums and 
cell suspensions. In nearly eveiy case titers were lower when albumin was 
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thus employed. The titer of isoagglutinins prior to transfusion could not be 
determined because no pre-transfusion specimens of the patient’s blood were 
available. The low titers against Aj and As cells immediately after transfusion 
may be attributed to absorption by the donated cells, while the sharp subsequent 
rise in titer against these cells is no more than might be e.vpected after massive 
antigenic stimulation.-*- The rise in anti-B titer in a group O recipient after 
transfusion of A blood is more difficult to explain and is contrary to Wiener’s*^’’ 
experience. 

Bdien it was discovered twenty'-four hours after transfusion that incom- 
patible blood had been given, fluids and alkali were administered liberally. 
One liter of one-sixth molar sodium lactate was given subcutaneously and 4 
gm. of sodium bicarbonate orallj'-, followed by 2 gm. of sodium bicarbonate 
every four hours for the next four days. In addition, the patient received 500 
cc. of 10 per cent dextrose in distilled water on December 6 and 7, and 500 cc. 
of compatible group 0 whole blood on December 8, 9, 11 and 13. The recorded 
volumes of fluid intake on December 4, 5, 6 and 7 were 3000, 4400, 3350 and 
2700 cc., respectively, and the urine volumes on these da}’^s were 325, 375, 525 
and 700 cc., respectively. The urine volumes on subsequent days were con- 
siderably larger. An alkaline urine was maintained throughout the first week 
following transfusion, but unfortunately the patient’s urine was not examined 
on the day'- of transfusion and hence the pH of the urine at that time is not 
known. 

Although the patient made an apparently’’ complete clinical recovery from 
the hemoly’tic transfusion reaction, his general condition began to grow worse 
about three weeks following operation. He developed remittent fever and 
anorexia, became progressively weaker and died on Januaiy^ 26, 1947, fifty- 
three day’s after operation. Autopsy’ revealed metastatic carcinoma of the 
pleura, mediastinal lyunph nodes and liver. Alicroscopic examination of the 
kidney’s revealed cloudy' swelling and a moderate amount of old scarring. A 
few scattered casts, apparently’ containing hemoglobin pigment, and the pres- 
ence of iron staining granules in intei’stitial macrophages and in the epithelium 
of some tubule.?, Avere the only’ residual evidence of preA’ious hemoglobineraia. 

DISCUSSION 

To the best of our knowledge there are no reports in the literature of apparent 
clinical recoA'ery’ folloAA'ing transfusion of incompatible (intergroup) blood in 
amounts as large as 2000 cc. This case is therefore considered of especial 
interest despite the fact that measurements of the degree of hemoglobinemia, 
methemalbuminemia, hemoglobinuria and of the urinary’ pH u'ere not made 
dui’ing the crucial tu’enty’-four-hour period immediately’ following transfusion. 

A number of questions are raised by’ the obseri’ations made on this patient, 
but unfortunately’ few, if any’, of these questions can be answered u’ith certainty’ 
in the light of available infonnation. 

1 . What mechani.sm protected the kidney’s to the extent that fatal anuria did 
not dei’elop, despite the fact that approximately’ 5 gm. of hemoglobin per Kg. 
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of body weight Avas liberated by destruction of the incompatible blood during 
the first twenty-four hours after transfusion? Did the condition of the kidneys 
(diminished filtration?) during the critical period of hemoglobinemia prevent 
the escape of hemoglobin into the tubules in quantities large enough to cause 
severe renal blockage? It is possible that the urine was alkaline at the time 
of transfusion and that this was a protective factor. Present controversies,"- 
hoAvever, lea^-e room for doubt as to the efficacy of the alkali administered during 
the second to sixth days after transfusion. 

2. Was the reaction relatively mild because of the patient’s low titer of anti- 
A agglutinins? As preA'ioush' explained, the titer of isoagglutinins in this 
case at the time of transfusion is unknoum, and the low anti-A titers of the 
serums draBn soon after transfusion maj' be attributed to absorption of agglu- 
tinins by the donated cells. On the other hand, Da\udsohm has reported low 
isoagglutinin titers in serums from patients Arith leukemia, and one of the 
authors (L.E.Y.) has found Ioav titers in .serums from patients AAith multiple 
raA'eloma and carcinomatosis. Wiener and Schaefer, moreoA'er, haA'e reported 
a case in A\-luch a leukemic patient of group O recei\'ed 1500 cc. of group B Ijlood 
AAithout deA’el oping .sAmptoms, despite the fact that the donated cells Avere 
eliminated AA'ithin a period of tweh'e daA's. It is reasonable to belieA'e that the 
seveiit3* of hemolArtic reactions maj' depend to a considerable extent upon the 
recipient’s titer of isoagglutinins against the transfused cells and that some 
patients Avith malignanej' ma.y, therefore, be e.xpected to haA'e relatiA'eh' mild 
reactions. Operation of such a factor in this case, howeA-er, is perhaps rendered 
someAA'hat unlikeh' b.v the finding of an anti-Ai titer of 1:32 and an anti-B 
titer of 1 : 6i twentA'-four hours after transfusion. Since anti-.-V titers ai-e usualh' 
higher than anti-B titers in group 0 serum.s, it seems possible that the patient’s 
anti-A titer prior to transfusion might haA'c been as high as 1:04 or 1 : 128. 

3. Was tile outcome of the i-caction gi-eath' modified bj- anesthesia? It is 
AA'ell knoAATi that anesthesia masks the signs and SA-mptoms of hemoh'tie trans- 
fusion i-eactions.® Information is lacking, hoAVCA'er, on the effect of anesthesia 
on the pathologic pliA'.siologA* and mortalitj* rates folIoAiing transfusion of in- 
compatible blood. 

SL'AIM-VF.A' .VXD COXCLUSIOX.S 

A ca.se is reported in which 2000 cc. of group A blood AA'as transfused into an 
anesthetized group 0 patient, Avho recoA'ered from the hemoh'tie reaction, but 
died fifty-three daA's later of carcinoma of the lung and pA'othorax. Tliis un- 
usual case serA'es to emphasize the folIoAving points AA-ith regard to hemoh'tie 
tran-sfusion reactions: 

1. The pathologic pliA'siologA' of such reactions is bA' no means clear. The 
recipient’s chances of surA-iA'al maA' depend not onh' on the quantitA' of lilood 
transfused, but also on such factors as urinary pH, isoagglutinin titer, presence 
of malignanc}’ and infection and state of anesthesia. 

2. Hemoh'tie reactions occurring in patients under general anesthesia ma\' 
not be detected unless close attention is paid to the dcA'elopment of jaundice, 
oliguria and hemoglobinuria. 
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3. When blood gi’ouping and matching are repeated folloYdng a suspected 
hemoMic reaction, it is essential that examination be made of the patient’s 
blood taken offer transfusion as well as of the patient’s blood taken before trans- 
fusion. 
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DIFFUSE PPJi\Lmy ALTEOLAR CARCIXO^Ll OF THE LUNG 

(So-Called “Alveolar Cell” Teaior of Ll*xg)* 

:morris a. seviox, -m.d. 

From the Department of Laboratories, Jewish General Hospital, Montreal, Quebec 

In recent years numerous reports have been published of a unique t3'pe of 
primarj' lung tmnor occurring in man. These tumors are characterized b\' an 
imusual tj^pe of nonciliated, taU. columnar and questionabh' mucus-secreting 
cells which line and are looseR attached to apparenth' unaltered alveolar walls, 
show papillarj^ formation within alveoli and frequent!}- desquamate into the 
alveoli. The tumors occur almost invariably in both lungs. About one-half of 
the tumors are found localized to the lungs at the time of death, often •without 
evidence of h-mphatic invasion, and the remainder show either local or distant 
metastases. None of the tumors shows the ordinarily accepted and classic 
features of primar}' bronchiogenic carcinoma, such as invasion of bronchial wall 
witb or -srithout stenosis or ulceration and/or atelectasis. Similarly, no primary 
tumor in any other situation is found so that metastatic tumor can be definitely 
ruled out. Finally, in almost all instances, the point of origin, whether from 
bronchiolar basilar epithelium, infundibular epithelium, or from lining alveolar 
cells remains a myster}' or, at least, is controversial. 

To this tumor a variety of names has been given. Thus Lohlein^® called it 
“c3’'stic papillar}- kmg tumor’*. Bonne'* introduced the name of “'pulmonar}' 
adenomatosis”, Taft and Nickerson-® preferred “mucous epithelial h3perplasia 
of lungs” and final!}* the term “alveolar cell tumor of lungs” was suggested b}* 
Neubuerger and Geever.*® The term “diffuse primar}* alveolar carcinoma of 
lung” is here used for reasons to be discussed. 

The diagnosis of this t}pe of tumor has only been made post mortem in all 
instances, except by TTood and Pierson.-' In their case, the diagnosis was made 
on surgical material removed at operation. Lobectomy was performed but 
circumstances subsequently proved that the lesion was diffuse and bilateral. 

As far as the author is aware, no clinical diagnosis without recourse to e.xami- 
nation of tissue has ever been made. As will be demonstrated, however, it is 
possible to make the diagnosis ante mortem by biopsy of tissue aspirated from the 
lung. In the case to be reported, the clinical diagnosis of diffuse alveolar car- 
cinoma of the lung was suspected and discus.sed, but was not clinically made. 
In retro-spect, the biop.sy of aspirated tissue was clearly diagnostic, but a defin- 
itive diagnosis was not made, in .spite of the author’s experience vith a previously 
reported case.-- 

REPORT OF CASE 

Clinical Dala 

The patient "vras a 39 year old man who was first admitted to this hospital, March 5, 
1946, in the service of Dr. David Mendel. At this time his complaints were chest cold and 

* Received for publication, June IS, 1947. 
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cough of six weeks’ duration, blood-tinged sputum, general malaise, fever and vague pain of 
twenty -four hours’ duration. 

Past illness. In Xovember 1931, he was admitted to the Royal Victoria Hospital because 
of dizziness, loss of consciousness, hematemesis and melena, but no cause for the gastro- 
intestinal bleeding was discovered at that time. In December 1934, he was again admitted 
to the Royal Victoria Hospital with a liistory of melena which had recurred six or seven 
times since 1931, the last time in August 1934. As on the previous examination, no evi- 
dence of disease of the gastro-intestinal tract was found. He was then well until September 
1944, when, while working in Vancouver, B. C., he became very weak one morning and 
passed a black, tarry stool. He was treated in the Emergency Clinic of the Vancouver 
General Hospital and discharged the same day. He had no further hematemesis or melena. 
In May 1945, the patient caught a chest cold and complained of severe pain in the left side 
of the chest accompanied by cough and sputum. X-ray films of his chest revealed a lesion 
which was suspected of being tuberculous and he was admitted to the Tranquille Sanatorium 
in Vancouver for nine weeks. Here, repeated examinations of sputum and guinea pig in- 
oculations were negative for tubercle bacilli. An x-ray film taken May 6, 1945 revealed 
“light infiltration within the second and third interspaces and dense, soft-looking in- 
filtration in the lower hilar area extending to the mid-lung zone on the right and light 
mixed infiltration in the fourth interspace on the left’’. He was treated with sulfadiazine 
and admitted to the Vancouver General Hospital on July 10, 1945. After thirteen days in 
the hospital, he was discharged with a diagnosis of long-standing pneumonitis. 

Present illness. The patient remained in Vancouver until January 1946 when he con- 
tracted “flu”. The cough continued and he returned to Montreal late in February. He 
was told by a plij’sician that ho had pneumonia and was admitted to this hospital on March 
5. On the previous day he had noted that his sputum was tinged red. 

Physical examination revealed a moderately well nourished individual lying comfortably 
in bed. On admission, his temperature was 99.8 F., pulse rate 85 per minute and respir- 
atory rate 20 per minute. The physical findings in the chest were compatible with those 
of consolidation and pleural effusion on the left side. X-ray’- films of the chest on March 7, 
two days after admission, showed large areas of consolidation in the right upper lobe and in 
the right and left mid-lung fields. 

The patient remained in the hospital from March 5 to June 15. During this time, his 
condition was thoroughly investigated. Repeated x-ray- e.xaminations of the lungs showed 
areas of consolidation in both lung fields which at times seemed to diminish in size. X-ray 
films of the gastro-intestinal tract and urinary' tract failed to reveal evidence of disease. 
14 bite blood cell counts varied from 7G00 to 23,700 per cu. mm. and the sedimentation time 
was increased. Repeated examinations of sputum for tubercle bacilli and fungi of various 
types were negative. The patient’s temperature fluctuated irregularly- between 98 F. 
and 103.0 F. and he was given large amounts of penicillin with indifferent results. Bron- 
choscopic examination on March 16 was negative. Biopsy of material aspirated from the 
lungs on May 9 revealed a few atypical cells. The diagnosis stated: “The possibility of 
tumor cells cannot be e.xcluded.” 

The clinical diagnosis during this period of the patient’s hospitalization was in doubt, the 
possibilities of fungus infection of the lung and of Boeck’s sarcoid having been considered. 
The j).alicnt was discharged on June 15 after 102 day-s in the hospital with a diagnosis of 
‘chronic lung disease, etiology unknown”. 

He was re-admitted to the hospital on August 15, 1946. During the preceding two 
months, he worked occasionally, but continued to have weakness, cough and vague pains in 
the chest. .-Ibout July 15, he noticed increased shortness of breath and a week later ex- 
pectorated blood-tinged sputum and developed chills, fever and sweats. These sx'mptoms 
became progressively worse until re-admission to the hospital. 

1 hysical examination again revealed irregular signs of consolidation in both sides of the 
c lest. His leukocyte count on admission was 22,500, his pulse rate was 115 per minute, 
re.spiratory rate 20 per minute and temperature 102 F. He was critically ill and the tem- 



AIiVEOLAB CAPXI2C03L\ OF LTJXG 


785 


perature sv-Ting irregularly from 9S F. to 104.5 F. Repeated .\:-ra 3 ' at this time and 
throughout this hospital admission revealed evidence of consolidation of both lung fields. 
These areas appeared to vary in size and shape from time to time, occasional!}* increasing 
and .sometimes diminishing in size. Clinically, no definite diagnosis could be established. 

On August 21 a lung puncture was performed and the following report was made from 
e.xamination of a microscopic section of the aspirated material (Fig. 2) : “At}*pical epithelial 
cells, probably tumor cells. Papillary masses of glandular epithelial cells in the tissue 
section strongly suggest a tumor of adenomatous t 3 'pe.” 

Another lung puncture on September 4, failed to reveal the presence of tumor cells. 
Aiier twent 3 '-six da 3 *s of fever, the patient’s temperature became normal. Numerous ex- 
aminations of sputum and aspirated lung material for fungi were negative. T 3 -pe III 
Pneumococcus was recovered from a lung puncture on one occasion. His white blood cell 
count dropped to S900 per cu. mm. and penicillin was discontinued. The patient was dis- 
charged, slight!}' improved on October 29, sevent 3 *-four da 3 's after admission with a clinical 
diagnosis of chronic and organizing interstitial pneumonitis. It was during this admission 
that the possibilit}* of a diagnosis of difFu.=e alveolar carcinoma was considered. During this 
hospitalization Dr. N. Freedman also reported the presence of peculiar cells in the sputum. 
These were large, oval cells and were unlike an}* he had ever seen before in sputum. The 
cells were shown to Dr. George Papanicolaou who could not identify them but considered 
them to be tumor cells. 

Nine weeks later, on January 3, 1947, the patient was re-admitted to this hospital for the 
third and last time. During the preceding four weeks his cough had increased in frequency 
and blood-streaking of sputum had become more frequent. He developed attacks of un- 
consciousness with de\nation of the eyes and intermittent attacks of severe headaches. 
Six days before admission weakness of the left foot and leg were noted. Physical e.xami- 
nation at this time again revealed signs of irregular consolidation in both lungs and a hemi- 
paresis involving the left side of the body. 

X-ray findings were essentially the same as pre%*iousl}* reported. On neurologic con- 
sultation, it was suggested that there was a lesion of indeterminate tA'pe in the right cere- 
bral cortex. The patient had a number of epileptiform seizures while in the hospital. His 
condition deteriorated rapidly and a sputum e.xamination on January 7, revealed cells which 
could not be e.\cluded as tumor cells. He died on Januari* 26, twenty-three days after his 
last admission. Although numerous conditions were considered, including pulmonar}* 
adenomatosis, no definite clinical diagnosis was established. 

Macroscopic Poslmorlem Findings 

Autopsy was performed si.xteen hours after death. 

The right pleural cavity %vas completely obliterated by dense, sheetlike, firm adhesions 
which bound the lungs on all aspects to adjacent structures including the pericardial sac 
and diaphragm. The right lung was voluminous and within it irregular and indefinite 
masses could be palpated. The lung had a rubber}* consistency and at the apex a few 
emphysematous areas were present. 

A few dense, sheetlike adhesions bound the left lung to the lateral chest wall. Dense 
adhesions also bound this lung to the diaphragm and pericardial sac. TMiere adhesions 
were not present, the pleural surfaces were smooth and of a mottled violet and gray color. 
Within the lung, which was emphysematous, irregular and indefinite rubber}* masses could 
be palpated in both lobes. The right lung weighed 1670 gm. and the left 14.50 gm. 

^Multiple sections through the lobes of the right lung revealed cut surfaces that were 
largely replaced by pinkish gray, finely granular, gelatinous and translucent tumor masses 
(Fig. 1). These tumor masses varied from 0.-3 to 3.5 cm. in diameter. The edges were poorly 
defined and the tumor appeared to merge insensibly into the adjacent lung parench}*ma. 
These nodules were raised slightly above the general level of the lung. Some were dis- 
crete, others had coalesced and, when scraped, showed a glairy, gelatinous and sticky ma- 
terial on the knife. In some places in the intervening lung tissue between the tumor masses 
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Fig. 1. Right lung shoising nodular, diffuse character of 
tumor. The cut surface presents a sticky, gelatinous ap- 
pearance. Print from a colored lantern slide. 



Fig. 2. ^Material aspirated from lung during patient’s second hospitalization. 
This is a fragment of lung with alveoli lined by tall, columnar, epithelial tumor cells 
showing papillary infolding. Hematoxylin and eosin. X 185. 


dilated alveoli could easily be seen with the naked ej'c. These changes were present in all 
lobes of both lungs with variation only in the size and configuration of the tumor nodules 
and in the degree of emphysema and hyperemia of the intervening lung. 
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Sections through the trachea and major bronchi revealed a pink, velvety and intact 
mucous membrane. The terminal portions of the bronchi in the lower lobes were slightly 
dilated and contained reddish brown, mucoid material. Careful search in the multiple 
bronchi e.xamined failed to reveal am* ulcerating or stenosing lesion which might suggest a 
primary* bronchiogenic tumor. 

The paratracheal, mediastinal and peribronchial hunph nodes were distincth* enlarged 
and measured up to 2.5 cm. in diameter. On section, the\' presented moist, mottled gray 
and black, homogeneous surfaces mth no gross evidence of tumor. 

Painstaking search of all other thoracic and abdominal \'iscera failed to reveal gross 
evidence of any tumor. No lesions were found in the gastro-intestinal tract to e>:plain the 
patient’s pre\ious melena (19.31 to 1944). 

The right cerebral hemisphere of the brain was larger than the left. In the precentral 
region of the verte.x of the right cerebral hemisphere and extending along the median 
fissure was a sharply* demarcated area of diminished consistency which measured appro.x- 
imately 5.0 cm. in greatest diameter. A similar less sharph' defined area was present in the 
percentral region at the verte.x on the left side. Coronal sections of brain (Fig. 4) revealed 
these two areas to be more or less cj'stic or honey-combed in appearance and some of the 
cysts were filled ^vith colorless, gelatinous material. A third metastasis was present in the 
right cerebral hemisphere, more caudad and at the level of the pons. 

Microscopic Findings 

]Man\^ blocks were taken from everx’ lobe of the lungs to include obvious 
tumor, peripheral portions of tumor and grossh^ uninvolved pulmonarx' tissue. 
The histologic changes were essentially similar in all areas except in the firmer 
masses where considerable interstitial fibrosis of the lung Avas noted micro- 
scopicallA^ 

Throughout all sections, large areas Avere encountered AA-here thin-walled, 
slightly dilated ah'eoli Avere lined by single and, at times, pseudostratified layers 
of tall, columnar epithelial cells. These cells AA'ere looselj' attached to apparently 
unaltered alveolar A\*alls and in man}* places were detached in small strips or 
sheets and laA' free AAithin alveoli or were attached to the alveolar AA'all onlj’ at 
one end of the strip. Papillary infolding into alA'eoli AA'as commonly' obseiwed. 

The lining cells showed basallA* arranged, uniform, OA*al nuclei composed of 
finely granular chromatin. ^Moderate numbers of nuclei showed rather prominent 
nucleoli ljut this AA*as not a constant feature (Fig. 5). Only rareh* Avas a mitotic 
figure seen. The tumor cells shoAA'ed abundant pale pink-staining CAdoplasm and 
manA' of the cells contained “goblets”. From these “goblets” small amounts of 
pale mucoid material e.xtruded and AA'as found free AA'ithin ah'eoli. This mucoid 
material stained pink Avith hematoxylin and eo.sin. In our hands Best’s 
mucicarmine stain gaA'e indeteraiinate results and AA'ith the ^lasson trichrome 
stain the mucoid material stained a pale blue. The tumor cells shoAA'ed no cilia 
l^ut a fine “brush border” Avas noted in the better preserA'ed cells. 

IMany ah'eoli AA'ere found filled Avith desquamated tumor cells and, in some 
ah'eoli, large, pale, circular cells AA'ere seen shoAA'ing fineh* A'acuolated cj-toplasm 
and relatiA'eh' small compact nuclei. Transitional foi'ms between obA'ious 
desquamated tumor cells and the.se phagocA-tic cells AA'ere noted. Fields were 
encountered in AA'hich only rare ah'eoli A\-ere lined bA' a few desquamated tumor 
cells and here the majority of the ah'eoli contained fairlA' large numbei-s of h-m- 



I' ifi. 3. Low power view of lung. Note large area of organized interstitial pneu- 
monia, lower loft, containing re.sidual alveoli lined by tumor cells. The diffuse nature 
of tlie tumor involving the alveoli is seen about the area of fibrosis. Hematoxj’lin and 
eo.sin. X 25. 


pliocytes and occasional polymorphonuclear leukocytes. Xo fibrin or bacteria 
were noted. Cultures from these lungs at autopst” were sterile. / 
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Fig. 4. Coronal sections of brain showing metastases. ^ote the large cystic 
areas filled with clear, mucoid material. 


In all lobes except the right lower lobe, extensive irregular areas of fibrosis 
were encountered. These areas (Fig. 3) were composed of compact and rela- 
tively cellular connective tissue within which were encountered a few irregular 
spaces lined by cells somewhat shorter than those lining the unaltered alveoli. 
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The lining cells in these areas were regular in appearance and basement mem- 
branes 'vverc sharplv defined. The general impression gained fiom such aieas 
was that these spaces represented residual alveoli in foci of organised interstitial 
pneumonitis. In the peripher.y of these areas of fibrosis the alveolar walls 
appeared to be unaltered and here alveoli were lined and partly filled b3't3T3ical 
tail columnar epithchal tumor cells. 

Throughout all sections painstaking search failed to reveal an}” identifiable 
I)ronchioIes which were lined b}* similar tall tumor cells. Wherever bronchioles 
were identified stratified cuboidal cells were present differing in no respects 
from those usualh’’ found. In all sections nothing was seen that could be identi- 
fied as hunphatic or blood-vaseular invasion. 

Sections through multiple hilar and mediastinal l}Tnph nodes failed to reveal 
microscopic evidence of metastatic tumor. 

Sections taken from the region of the cj-stic areas in the cerebral hemispheres 
(Fig. G) showed extensive replacement and destruction of brain tissue b 5 ^ tiunor 
identical to that described in the lungs. Here large cj'stic dilated spaces were 
seen lined bj- simple and pseudostratified, nonciliated columnar epithelium 
showing papillaiy infolding. Into some of these cj^stic spaces desquamation of 
lining cells had occurred and, within these spaces, spherical cells with vacuolated 
cytoplasm and eccentric nuclei similar to those found within alveoli were noted. 
Main- of the spaces contained pink-staining, stringj’’ mucoid material identical 
with that seen in the ahmoli lined by tumor cells. Adjacent to the tumor which 
invaded the cortex and subjacent white matter, there was extensive destimction 
of brain tissue with compound fat granule cells and microglial cells present in 
large numbers. The tumor extended into the leptomeninges where the C 5 ’’sts 
appeared to be larger than elsewhere. 

Sections taken through all other organs failed to show microscopic evidence 
of tumor. 


Anatomic Diagnoses 

Diffuse primary alveolar carcinoma of the lungs, bilateral, with metastases 
to brain; organizing interstitial pneumonitis, bilateral; bronchopneumonia, 
bilateral. 


DISCU.SSION 

Diffuse primary alveolar carcinoma of the lungs maj* present two distinctlj’’ 
diffeient gross pictures. In one form, the gross picture maj’ be indistinguishable 
from lobar pneumonia in the state of so-called gray hepatization. Here the 


ed section of lung to .show character of lining cells, unaltered 
^ brush border of cells. Note detachment of cells in alveolus to left of 

in upper and lower left corners. Goblet formation 
can also be seen in many cells. Hematoxylin and eosin. X 200. 

identical with 

mucoid nrodtwfW n ^TVnt^ tendencies to papillary formation, desquamation and 

ucoid production. i\ote compound fat granules, lower left. Hematoxvlin and eosin. 
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lung is gra}' and consolidated but may present a stick}’-, mucoid substance on cut 
surface. In a previously reported case-- -vvliich -was of pneumonic tj’pe, 
Fi'icdlander’s bacillus -was recovered. JTaft and Ivickei’son- ha^ e likened the 
out surfaces of the lungs of diffuse primary alveolar carcinoma to Friedlander’s 
pneumonia. In the present case, T 3 ’pe HI Pneumococcus was recovered 
during life. 

In the second form, the lungs of diffuse primaiy alveolar carcinoma may 
present a nodular appearance similar to that in the present case (Fig. 1). In 
this form, the cut surface sho-U's numerous large and small, poorly defined, 
ele\-a{ed, pinkish gray masses -u-hich blend imperceptildy with the surrounding 
lung tissue. The surfaces of these nodules are, at times, finely gi-anular and are 
covei’cd with a sticky, mucoid material and the inter\'ening lung tissue shows 
variable degrees of h\*peremia. These nodules may be rubbeiy in consistency 
and the intervening lung shows variable degrees of ci’epitation depending on the 
amount of emphysema and/or pneumonia present. In this connection it may 
be pointed out that a pnerunonia of variable degree always accompanies diffuse 
primary alveolar carcinoma of the lungs and may be of lobar tj^ie as in the case 
of Alexander and Chu.i In some cases variable amounts of organized inter- 
stitial pneumonitis may be the residua of former pneumonic processes. 

Microscopically, the picture is characteristic. Alveoli, the walls of -n-hich 
are apparently unaltered, are lined by delicately attached, single, or pseudo- 
stratificd layers of tall, columnar epithelial cells many of -which show papillary 
infolding into the alveoli. These cells are regular in appearance, size and staining 
quality with basally aiTanged oval nuclei. The nuclei show finely gi-anular 
chromatin, occasional nucleoli and, only rarely, is a mitotic figure encountered. 

The lining cells frequently show “goblet” formation and produce a Uyie of 
secretion which we have found does not stain readily with Best’s mucicarmine 
stain. Alexander and Chu* stated they were able to stain the mucinous material 
by this method and Taft and Nickerson^® mentioned mucus which stained with 
“aniline dyes”. In anj- event, an evident mucoid material appears to be secreted 
by these cells and may also be found in the alveoli. The tumor cells are not 
ciliated but ma}' show a fine “brush border” at the free edge. The lining cells 
desquamate as single cells or sheets of cells into the alveoli where they maj^ 
assume circular forms. At times, it appears that the large, pale phagocjdic 
cells seen in man}' of the alveoli are altered desquamated tumor cells. These 
lining cells in no situation appear to be continuous with recognizable lining 
bronchiolar cells either in random or .serial sections. 

The distribution of these lining cells is quite irregular. Some microscopic 
field.s show all alveoli to be lined by tumor cells and other fields reveal no alveoli 
thus lined. All lobes of the lungs are involved in variable degree. In some 
instances, v here intenstitial fibrosis is found in the lungs as the re.sult of organ- 
izing pneumonitis, numerous spaces, probably residual alveoli, are found lined 
by tumor cells (Fig. 3). 

Iw-mphatic invasion is rarely observed and blood vascular invasion is even 
moie lare. These must occur, however, in order to explain the metastases. 
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In the larger group of so-called “alveolar cell tumors of the lungs’’ collected 
}yy Xeubuerger and Geever^® the lining cells have been shomi to vain* from high 
cuboidal to columnar and much anisoc\i:osis and considerable degi-ees of ana- 
plasia have been noted. In their collected cases no communication or continuiG* 
between lining cells and bronchiolar epithehum has been established. 

Histogenesis 

First and foremost, in this case as in almost all other similar cases reported 
in the hterature, the ordinain* criteria suggesting a primarn- bronchial origin 
were absent. (Ikeda’s^- case No. 2 showed a gross broncliial tumor and therefore 
is probabh' unacceptable as an example of the tA^ie of tumor under discussion.) 
There was no gross or microscopic invasion of bronchial wall either with or without 
stenosis or ulceration and no associated atelectasis was present. Indeed, the 
character and appearance of the cells hning the alveoli in cases of diffuse priman,’ 
alveolar carcinoma are so unlike the ordinary' bronchiogenic carcinomas as to 
suggest at once that the tumors are different. The hning of unaltered alveolar 
walls b\' these looseh* attached cells in ordinarj* bronchiogenic carcinoma (if it 
exist.s) certainly' must be most imusual. 

Ai'e the.se tumoi-s in the lung metastatic in origin? To this question a cate- 
gorical negative answer can be given. In almost all the cases reported in the 
hterature, as in the present case, no primary tumor was foimd other than in the 
lungs. Since there are now about 70 recorded cases it seems extremely unhkely 
that more than 60 pathologists would all miss a primaiy tumor in a situation 
othei- than the lung. It must be admitted, however, that occasionaU\' a 
metastatic carcinoma maj' assume an intra-alveolar arrangement not unhke 
that presented here. This is an exception rather than the rule and does not 
appear to deserve the emphasis placed upon it by Herbut.” 

Herbut” has also suggested that these tumors arise from bronchiolar epithehum 
particularh' in foci of bronchiectasis. This concept cannot be substantiated by 
actual gross or microscopic e.xaminations. In the first place, bronchiectasis in 
diffuse alveolar carcinoma of the lungs is an extremely infrequent and inconstant 
accompamlng condition. Numerous cases of diffuse alveolar carcinoma have 
been reported in which the lesion has been bilateral and has show'ed no evidence 
of lymphatic invasion or hunph node metastases. Under these circumstances, 
if Herbut” is correct, bilateral and diffuse bronchiectasis should be of frequent 
occurrence in this condition. The supposition that the tumor may start in one 
focus and then bj' continuit}* hne pre-formed spaces such as the alveoli in wideh* 
separated portions of the lung without in some places hning bronchioles or bronchi 
seems imtenable unless one assumes implantation by aspiration. In microscopic 
sections it has been impossible to demonstrate direct continuity either in random 
or serial .sections between bronchiolar epithehum and tumor cehs hning the al- 
veoh. Furthermore, the cells hning bronchioles are quite different from the tu- 
mor cells, none of which ever shows cilia. For these reasons it appears unlikeh', 
no matter how tempting the concept, that the tumor cells ari.se from bronchiolar 
hning cells. 
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The inability to demonstrate that these tumors arise from bronchiolar lining 
cells immediately raises the controversial question as to ^vhether epithelial al- 
veolar lining cells exist, and if so, Avhether tumors may aiise fiom these cells. 
Such histologists as Bensley and Bensley,» IMiller,'® and Cooper^ are of the opinion 
that a continuous layer of epithelial cells lines the alveoli, hlaximow and Bloom, 
Eose,-“ Fried,* and LoosVd^ believe that the lining cells are mesench^Tnal. Ross-^ 
believes that both mesenclijunal and epithelial cells may line alveoli. It is dif- 
ficult to imagine that the lung -which is a diverticulum of the primitive gut should 
differ from other evaginations, all of which are lined throughout with epithehiun. 

Beir- and Gecver, Neubuerger and Davis® studied the lung as affected by 
chronic passive hyperemia and by mflammatoiy conditions. Thej’- observed 
what they considered to be epithehal prohferation from alveolar lining cells. 
Hence, it was their opinion that alveolar fining cells may give rise to tumors. 
Ikeda*= and Simonds and Curtis®^ have produced alveolar epithelialization in ex- 
perimental animals b}’ the use of oily substances and of coal tar. Murpli}’- and 
Stunn^' and, more recent!}’', Grady and Steward® have induced multiple adeno- 
matous tumors originating along alveolar walls of the lungs of mice, and Slye, 
Holmes and Wells^ have reported spontaneous, primary, adenomatous tumors 
of this type in the lungs of mice. The disease known as jagziekte, epizootic 
adenomatosis, or verminous pneumonia, an infectious endemic disease of sheep, 
the vims of which was recently isolated by Dungal,’ is regarded as an adeno- 
matous hyperplasia of the alveolar epithelium by Cowdiy and Marsh.® 

Tlie experiments and observations quoted immediately above strongly suggest 
that alveolar epithelium does exist and that under proper circumstances may 
proliferate and may, indeed, give rise to tumors. The fact that cases have been 
described in which the tumor was localized to the lungs •’^nthout gi'oss or micro- 
scopic evidence of lymphatic invasion tends to support the concept of a multicen- 
tric origin of this type of tumor. 

Because of the controversy concerning the existence of epithelial alveolar fining 
cells, considerable confusion in the nomenclature of this tumor has arisen in the 
literature. Neubuerger and Geever'* chose the name “alveolar cell tumor” with- 
out intending to connote the histologic origin of the cell. If the word “cell” 
is omitted and the condition described as “diffuse primary alveolar carcinoma of 
the lungs”, definitive reference as to possible cell origin (c.gr., bronchial, infundib- 
ulai' or alveolar) is omitted in this perplexing subject. Similarly, the terms 
pulmonary adenomatosis” and “mucous epithelial hyperplasias of the lung” are 
misleading for, in spite of the benign appearance of some of these tumors his- 
tologically and, particular!}' when they are, as yet, confined to the lungs, this 
tumor should be regarded as a slow-growing but eventually metastasizing car- 
cinoma. Invariably there is a considerable degree of pneumonia associated with 
these tumors and it may well be that the degree of pneumonia frequently is the 
cau.se of death before metastases have had time to develop. 

The etiology of diffuse primary alveolar carcinoma of the lungs in man is un- 
knoATO. From sheep affected nith jagziekte, DungaP isolated a virus which pro- 
duces a strikingly similar lesion in the lungs of these animals. This viius does 
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not appear to he pathogenic for man as shepherds ^’ho are housed for long pe- 
riods \vith these sick animals do not contract the disease. Attempts to transmit 
the disease to various laboratoiy animals with human autopsy material bj' Rich- 
ardsond® Sims,^ and Wood and Pierson-' have been uniformly unsuccessful. 

The chnical course and chnical findings in diffuse primary alveolar carcinoma 
of the lungs are not sufficient^ clear-cut to permit an unequivocal clinical diag- 
nosis. Cough, x-ray e\ddence of bilateral lung consohdation which varies in size 
from time to time, absence of eosinophiha (Loeffler's sjmdrome should be ex- 
cluded), vith or without hemoptysis and the progressive natiu-e of the disease, 
are suggestive features. The diagnosis, however, can be estabhshed during the 
life of the patient on the basis of biopsy of maternal aspirated from the lung. 
In this case the diagnosis should have been estabhshed on the basis of such a 
biopsy (Fig. 2). 


SlIMiL\RT 

A case has been presented of diffuse primary alveolar carcinoma of the lungs 
^rith metastases to the brain. This disease has also been called “pulmonarj’’ 
adenomatosis”, “mucous epithehal hj'perplasia of the limgs” and “alveolar cell 
tumor of the limgs”. Although controversial, the e\*idence suggests that this 
tumor is multicentric in origin and is probably derived from lining alveolar epi- 
thelial cells. Clinicall}', the signs and symptoms of this disease are not .suffi- 
cientl 3 * characteristic to permit a correct diagnosis but a correct diagnosis can 
be estabhshed during the life of the patient on the basis of biopsj' of material 
aspirated from the limg. 
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Eeport of Autopsy Fucddcgs in- Three Cases* 

CIIAP^IAN H. BIXFORD, axd HENRY D. ECKER, :^I.D4 

From Ihe Pathology and Medical Services, U. S. Marine Hospital, 

Neic Orleans, Louisiana 

Endemic (muiine) tj-plius, u'hich is now seen frequently in southeastern 
United States, was separated epidemiologically from Old World epidemic 
t\-phus by Maxey’ in 1926. He suggested a possible rat flea vector. D3"er,® in 
1931, showed experimental!}' that rat fleas could transmit the disease. Although 
this disease diffei-s clinicalh', epidemiological!}' and etiologically (Rickettsia 
prowazeki mooseri)- from other rickettsial diseases, and although the reported 
mortahty rate in the United States varies from 1 to 4 per cent, no detailed 
autopsy reports of persons in the United States d}Tng from this disease have 
been published. IMorbidity reports for endemic typhus in the United States 
for 1944 included 5353 cases. 

In 1931, Pinkerton and Maxey® made a pathologic study of a case diagnosed 
as typhus near Gharlottes\'ille, Virginia. Later, after the eastern tAqje of 
Rock}' Mountain spotted fever was recognized, it was decided that death was 
due to that disease rather than to typhus (pei-sonal communication from Dr. 
Pinkerton). 

In a discussion of 56 cases of endemic te-phus from Texas, Kemp® briefly 
mentioned one autops}' and stated that no definite myocardial damage was 
demonstrable and that other autopsy findings were not significantly different 
from previous desciiptions. 

In %dew of the absence of detailed autopsy studies on cases of endemic typhus 
occurring within the United States, it seems worthwhile to report the obseiva- 
tions made on matenal from three autopsies. Each case will be reported sep- 
arately; no attempt will be made to describe the general pathology of the disease 
in such a small senes, nor vill there be any comprehensive attempt to compare 
the pathologic changes in these few cases with those classically described from 
a large nximber of cases of epidemic t}phus,^^ Rocky Mountain spotted fever® 
and scrub tephus.^’ * 

REPORT OF CASES 

Case 1 

Clinical data. Y. J. B., a white man, aged 46, a motion picture machine operator in a 
New Orleans theater, was admitted to the Medical Service, U. S. iSIarine Hospital, New 
Orleans, Louisiana, on March 30, 1944. Rlness had begun four days previously with chills 
and fever. These sjunploms were followed by headache, nausea, vomiting and pain in the 
left upper quadrant of the abdomen. His familj' physician had treated him with atabrine 
and quinine. 


* Received for publication, June 30, 1947. 

t Senior Surgeon, TJ. S. Public Health Service, Baltimore, Maryland. 
+ Present address; 1725 N Street N. W., lYashington, D.C. 
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Tlie sipnificant observations made on admission were an enormously enlarged, tender 
spleen, epigastric tenderness and a macular skin eruption over tbe trunk and upper ex- 
tremities. 

The c.ssential laboratory data included negative Kolmer and "Wassermann tests, mud 
albuminuria, a negative blood culture, negative findings in the cerebrospinal fiuid, 9.6 gm. 
hemoglobin. 2,S00,000 erythrocytes, 67,000 platelets and a normal clot retraction. The 
leukocyte count, which was 3400 on admission, decreased progressively and was 1200 on the 
eleventh day of disease. The neutrophils ranged from 5S to 44 per cent. Sternal marrow 
findings were interpreted as showing maturation arrest of the granulocytes. The icterus 
index was 225 on the ninth day and 90 on the twelfth day of illness. Numerous smears were 
negative for malarial parasites. Agglutination for tj-phoid and paratyphoid antigens and 
B. aborliti were negative. -A.gglutination titers for Proteus 0X19 (l^’^elch and Stuart anti- 
gen) rose rapidly from 0 on the fifth day of disease to positive in dilution 1 -.320 on the tenth, 
1:040 on the eleventh, 1 : 1240 on the thirteenth and 1 : 1940 on the fifteenth day of the disease. 
Complement-fi.\ation tests with rickettsial antigen* gave positive results with endemic 
typhus antigen in dilutions of 1:04 on the fifth daj' and 1:512 on the tenth day. Results 
with epidemic and Rocky Mountain spotted fever antigens were negative. 

The temperature curve was of the septic tj’pc, ranging from 99 F. to 104 F. The skin 
rash persisted and spread to include the forearms, palms and soles. Hemorrhages occurred 
in the mucous membranes of the oral cavitj-. Icterus and meningismus were noted on the 
eighth day of disease. Although no malarial parasites were demonstrated, atabrine and 
quinine were again started at that time without beneficial effect. Death occurred on the 
fifteenth day of illness. 

About the eighth day of illness two guinea jiigs were inoculated intraperitoneally with 
whole blood to rule out Weil’s disease. Fortunately, one animal was male, and on the ninth 
day exhibited severe reddening and swelling of the scrotum. 

Postmortem findings. The examination was begun four hours after death. The skin 
showed jaundice and poorlj' defined mottling over the shoulders, upper arms and upper 
thighs. The right lung weighed 520 gm. and the left, 540 gm. The left lower lobe e.xhibited 
a patch of fibrinous exudate on the pleural surface about 2 cm. in diameter, and beneath 
this the parenchyma for a depth of 1 cm. was firm and yellow. This lobe contained a more 
deeply placed, firm, reddish nodule 2 cm. in diameter. The heart weighed 370 gm. The 
right ventricle w.as moderately dilated, but otherwise no abnormalities were observed. The 
liver was enlarged to 2770 gm. The capsule was smooth, the color brownish pink and the 
lobules were not well defined. The gallbladder contained little bile and the biliary ducts 
were all patent. 

An cnorinousl}' enlarged spleen weighed HOO gm. The capsule was smooth and the pulp, 
reddish. Two regions, about 2 cm. and 5 cm. in diameter, respectively, presented a homo- 
geneous appearance suggesting infarction. The gastro-intestinal tract appeared normal. 
The Unnph nodes about the pancreas and abdominal aorta were enlarged to a maximum 
she of 3 X 2 x 2 cm. Thej' were pale pinkish gray in color and very soft in consistency. The 
right kidney weighed 300 gm. and the left, 270 gm. The cortex of each kidnej’’ was swollen. 
The brain weighed 1700 gm., but revealed no changes, e.xcept for swelling and congestion. 
The other viscera showed no changes worthy of note. 

Microscopic findings. The epicarclium and myocardium were diffusely 
infiltrated by large mononuclear cells, plasma cells and l 3 Tnphoc 3 '’tes. There 
was some tendenc}' toward perivascular distribution about the larger vessels 
but the infiltrate was chiefly’’ seen between the muscle fibers. The endothelium 
of the ejjicardial capillaries was slightlj' swollen, but vascular obliteration was 
not ob.served. 

-fixation tests were performed bj' Dr. Ida Bengston, National Institute 
of Health, Bethesda, Maryland. 
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In general, the lung sections revealed mild perivascular mononuclear cell 
infiltration and slight widening of septa by such infiltrates. One of the sub- 
pleural nodules seen at autopsj' revealed necrotizing fibrino-ceUular exudate 
and degenerating septa. Bordering this necrotic area, alveoli contained exudate 
irith fibrin and mononuclear cells and septa vere widened b}* infiltrating mono- 
nuclear cells. 

A retroperitoneal lymph node exhibited considerable dismption of architec- 
ture. Conspicuously widened sinuses were engorged vith macrophages which 
often showed endhrophagia and recognition of follicles was frequentty difficult. 
Interstices present in pulp stroma probabl}' represented edema spaces. Peri- 
nodular mononuclear cell infiltration was prominent. 

In the liver there was widening of the periportal stroma by edema, hnnph- 
ocytes, large mononuclear cells and dilated capillaries. Greatl}' widened 
sinusoids contained erjdhrocj'tes, a medium number of large mononuclear 
cells, a few neutrophils and conspicuous Kupffer’s cells. Liver cells were com- 
pressed and showed fine vacuohzation, some bile pigment, but no necrosis. No 
bile was retained in the ducts or canahcuh. 

The follicles of the spleen were largeh^ disorganized. There was diffuse sinus 
endotheUal proliferation, engorgement of some sinuses by blood, and in the 
pulp, numerous mononuclear cells of various sizes. Here also, neutrophils 
were rare and er^rthrophagia was rarely seen. A minute (1 mm.) focus of 
necrosis was seen in one section. 

The tubular epithelium of the testis was considerably disrupted and edema- 
tous. The lumens often contained a cellular debris of poorlj^ defined cells with 
pj^knotic nuclei and vide, granular, cirtoplasmic zones. In the interstitial 
tissues there was a patch}' infiltrate of l3Tnphoc}des, plasma cells and large 
mononuclear cells. The epithelium of the epididjunis was not unusual but the 
interstitial infiltrate resembled that seen in the testis. 

The scrotum exhibited a focal, necrotizing lesion with ulceration. The corium 
was edematous. Capillaries occasionally were obhterated by sv'ollen endo- 
thelial cells and fibrin and sheathed by clusters of mononuclear cells, some with 
vide amphophil cjrtoplasmic zones. An occasional endothefial cell or pale 
mononuclear cell contained minute basophil (Bomanowsky stain) diplococcoid 
bodies. 

In sections of veibebral hone marrow stained b}’’ Bomanowsky technic very 
few granulocytes could be identified. Between the sinuses a meshwork of oval 
or spindle cells formed a supporting stroma for rounded, oval or distorted cells 
vith generall}' leptochromatic nuclei. Among these cells were man}- pyknotic 
nuclei. The eiythi-oc3'te series was focalh' h3'perplastic. Er3i;hrophagia was 
prominent. Alegakaiyocytes were conspicuousl}' increased in number but 
exliibited various degress of necrosis and man}’' shadow forms. 

The microscopic changes in the hrain were not severe. Onl}* rareB did a 
vessel of the meninges or outer cortex exhibit endothelial swelling and mild 
perivascular mononuclear cell infiltrate. A veiy mild mononuclear cell infiltra- 
tion of the meninges was seen. Generali}' there was h3TDeremia, but no other 
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cliiiniics of note ■were observed. The pituitnry cnpsule vns infiltmted bj mono- 
nuclear cells, but no parenchjTnal changes were seen. 

Striated rnusclc (rectus) showed no necrosis. There was mild psricapillaiy 
and interstitial mononuclear cell infilti'ation. Capillarj' endothelial cell swelling 
with occasional capillaiy obliteration was seen. 

The kidncjjs exhibited dilated capsules and tubules, an occasional bile-stained 
cast and rare interstitial infiltrate of mononuclear cells. 

Aorta, gallbladder, stomach, colon, small intestine, adrenals, urinarj" bladder, 
prostate and tlnToid gland showed no significant lesions. 

Case 2 

Clinical dala. C. tV. O., a '^vlutc man, 54 years old, a veteran of tVorld War I, was ad- 
mitted to the U. S. ^Marine Hospital, Mobile, Alabama, September S, 1944, on the service of 
Dr. J. A. Oshlag. He. had been working as a special detective in an old, rat -infested build- 
ing. He had been treated for asthma for many years and had also received treatment for 
syphili.s of the central nervous system, but the findings of the cerebrospinal fluid had been 
rei)orted normal in 194.3. 

The present illness began eight days before admission. While in bed at night, he was 
suddenly seize 1 by a severe pain over the left kidney area which radiated toward the left 
groin. He worked thirteen hours the next day but returned home exhausted. On the 
following day he fell asleep in a chair while at work. On the fourth day the family phj'sician 
prescril)ed siilfathiazolc which, after a twelve hour trial without effect, was discontinued 
by his wife. On the sixth day, fever, mental confusion and a skin rash were present. 

Physical examination revealed an obese, dyspneic man with a generalized macular rash 
over t lie legs, trunk, arms and posterior portions of the neck. Respiration was rapid and 
expiratory wheezing was prominent. The heart borders were not well defined by per- 
eu.s.sion, and tones were not satisfactorily heard. The blood pressure was 130/76, respira- 
tory rate 2G per minute and pulse rate 120 per minute. Tenderness was elicited over the 
liver area and the edge of the liver was questionably palpated about 3 cm. below the costal 
margin. Pitting edema of the ankles was noted. The clinical impression on admission 
was typlius fever. 

The day after admission the erytlirocytcs numbered 3,830,000, tlie leukocytes, oSOO, and 
tlie hemoglobin level was SO per cent. differential count showed 84 per cent neutrophils, 
14 per cent lympiiocytes and 2 per cent monocytes. Urinalysis revealed a specific graxdty 
of 1 .012. no sugar and a trace of albumin. Study for malarial parasites was negative. The 
nonproteiii nitrogen of tlie blood was 48 mg. per cent. Agglutination studies carried out 
for members of the typlioid-paratyphoid group and for B. aboi’tus were negative. On ad- 
mission, tlie Proteus OXl9 agglutination (Welch and Stuart antigen) was negative (eighth 
daj’ of illness), and positive in dilution 1:40 on the tliird hospital day (eleventh daj' of ill- 
nes.s). Tiie blood serologic test for sypliilis was not reported owing to a laboratory acci- 
dent. 

On the second hospital day, sulfadiazine therapy was begun; the total dosage amounted 
to 8 gill. Sedatives, aminophx'lline, nicotinic acid and Vitamin Bi were given liberally. 
•Atropine gr. 1/100 wiis given every four hours. A roentgenogram on the third hospital day 
rex caled moderate congestion of the bases of the lungs. The temperature ranged from 101 .5 
F. to 105 1' the pulse rate from 120 to 140 per minute and the respiratory rate, from 40 to 
•IS jier minute. 

Tlie jialicnt remained unconscious until his death on September 13, 1944, the fifth hospital 

hif.. 1. Case 3. Blood x'cssel of dermis showing thrombosis and perivascular mono- 
nuclear eel! infiltrate. X 350. 

Fig. 2. Case 3. Myocardium, left ventricle. X 350. 
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ilav, an.! approximately thirteen days after his first symptoms. The final clinical diagnosis 
by the hospital staff ivas endemic (murine) typhus. That opinion was shared by the local 
health officer. Proteus 0X19 agglutination on postmortem plasma was positive in dilution 

loco. . . 

PoHmorlcm findings. .-Vutopsy was performed bj' Dr. Giarver. Examination was begun 

.six Iioiir.'^ after death. Only the significant observations arc included here. There was 
ba.s:d pulmonary edema, the right lung weighing 950 gm. and the left 970 gm. The apex of 
each lung was the site of fibrous adhesive pleuritis. No consolidation was recognized. The 
heart weighed 320 gm., and except for thickening of the leaflets of the mitral valve, no lesions 
were observed. The liver weighed 1900 gm. and the spleen, 200 gm., but no unusual features 
were noted. The right kidney was the site of simple cortical cj'sts. The other abdominal 
viscera and the pelvic viscera appeared normal. The central nervous system was not 
examined. 



Fio. 3. Case 3. 
X 350. 


Photomicrograph of section of testicle e.xhibiting severe orchitis. 


Microscopic findinqs. In the heart, apart from mild irregular thickening of 
the mitral valve and mild arteiiosclerosis, the interesting changes were limited 
to tlie myocardium (onh' the left ventncle was studied). The mj'ocardium 
revealed interstitial edema, mild swelling of capillaiy endothelial cells and 
con.siderahle perivascular infiltration by large mononuclear cells having broad 
cytopla.smic zones. A centrallj' degenerating, perivascular, mononuclear cell 
nodule completely filled an oil immersion field. 

Ihe sections of hmgs exliiliited a nonimpressive, patch}', intra-alveolar and 
bronchial exudate of neutrophils and large phagociTes, blood, mildly widened 
septa and some swelling of capillaiy and arteriolar endothelial cells. In the 
hrer the Kupffer’s cells were prominent and the sinusoids often contained an 
accumulation of large monoc3des. The stroma about the portal triad was 
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edematous. Liver cells rarely showed fat replacement. The changes in the 
spleen were severe and largely confined to the pulp in which few endhrocYdes, 
many large mononuclear cells, wliich were about five times the diameter of 
h-mphocYdes and had a basophilic cytoplasm, plasma cells and hinphocjdes 
were seen. ^Macrophages vith ingested er\dhroc\des were present in con- 
spicuous numbers. The sinus endothelium, when recognized, was swollen. In 
the remnants of follicles, large mononuclears predominated. The kidney 
exhibited mild Ymscular nephrosclerosis, but, apart from the scaning, showed a 
few small interstitial nodules of hmiphoe^des and large pale mononuclear cells. 
The other organs studied microscopically, viz., aorta, stomach and pancreas 
j-ielded no important information. Unfortunately no sections of brain, testis, 
or sldn were available. 


Case 3 

Clinical data. C. W., a colored man, aged 56 years, was admitted to the iledical Ser^dce) 
U. S. ^Marine Hospital, Xew Orleans, Louisiana, on September 13, 1944, in an imconscious 
state. The historj' was obtained from his wife. With the exception of a nervous break- 
down in 1919, he had been in good health until five days before admission, when he had a 
severe cliill followed by fever. Chills and fever had continued up to the time of admission. 
There had been no recent known respirator}' infection. Two days before admission he had 
complained of pain in his right shoulder, had a mild productive couzh and severe night 
sweats. He had eaten and drunk veiy little since the onset of his illness. Urinary in- 
continence had been present for two days prior to admission. 

On physical examination the patient was well developed, well nourished and mildly 
dyspneic. The skin was dry. Xo rash was noted, but its detection would have been diffi- 
cult because of his dark skin. There was some diminution of breath sounds over the pul- 
monary bases and a few fine rales and scattered rhonchi were elicited over the left base. 
There was no erident enlargement of the heart. Auscultation appeared normal, but owing 
to labored respiration, the examination was not satisfactory. The blood pressure was 
105/70. Palpation of the abdomen elicited mild muscle spasm but no other information. 
The genitalia appeared normal. There was no enlargement of lymph nodes. 

The leukocyte count on admission was 18,300; hemoglobin was 14 gm. per cent; a differ- 
ential count revealed neutrophils 81 per cent, (39 per cent band forms), b'mphocytes 17 per 
cent and monocytes 2 per cent. The Wassermann and Kahn tests were positive. At the 
sariie time (fifth day of illness), agglutination tests for t^-phoid-paratyphoid group of or- 
ganisms and B. aborhis were negative. Proteus 0X19 (Welch and Stuart antigen) agglu- 
tination was positive in dilution of 1:40. The urine was acid, specific grarity was 1.015, 
albumin content 300 mg. per cent, and centrifuged specimen yielded from 8 to 10 granular 
casts per high power field. ,A blood culture was sterile after seventy-two hours. A chest 
roentgenogram made on the day of admission revealed increased lung markings at the right 
base, which were interpreted as suggestive of bronchiectasis with a co-existent pneumonic 
process. The cerebrospinal fluid was clear and yielded no increase in cells or protein. 

At the time of admission the rectal temperature was 106 F. and the pulse rate 120 per 
minute. As it was believed clinically that the patient had pneumonia, a total of 33 gm. of 
sulfadiazine was given. There appeared to be an initial improvement. The rectal tem- 
perature after twenty-four hours of treatment dropped to 102.5 F., but on the next day, the 
temperature rose to 104.3 F. and his condition appeared worse. In addition to sulfadiazine, 
he received 100,000 units of penicillin daily for four days. The rectal temperature rose to 
107 F. and the pulse rate to 140 per minute. Death occurred six days after admission and 
about eleven days after the onset of illness. 

'Postmortem findings. The autopsy was performed by Dr. Joseph Gioia. The skin of the 
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arms and tliighs exhibited questionable macules. There was a little pretibial and pedal 
edema. The peritoneal cavity contained about 200 cc. of clear fluid. The heart weighed 
olO gm. No pericardial, myocardial, or endocardial abnormalities were noted. The right 
lung weighed SIO gm. The posterior part of the lower and middle lobes was rubbery in 
consistenev and appeared edematous and congested, but there was no evidence of definite 
consolidation. The left lung weighed 520 gm. The lower lobe exhibited less edema and 
congestion than w.as seen on the right. The liver weighed 1730 gm. and showed no ab- 
normalities. The spleen weighed 110 gm. and its pulp was d.ark red. The other viscera 
revealed no changes worthy of note. Apart from congestion, no lesions of the brain were 
noted. 

Inasmuch as the gross examination did not reveal the cause of death, the clinical record 
was searched for clues which might suggest the course for additional investigation. The 
presence of Proteus 0X19 agglutination titer of 1:40 on the fifth day of illness was noted; 
therefore, blood was obtained from the pelvic veins. .>\s the Weil-Felix titer was shown to 
be 1:010, the death was reported as endemic typhus. Rickettsial complement-fixation test 
on t he jflasma (bj- Dr. Bengston) w.as reported positive for endemic typhus, 1:512 or higher, 
and positive for Rockj- Mount.ain spotted fever, 1:16. 

Microscopic findings. Tlie epicardium, myocardium, and endocardium ex- 
hibited edema and diffuse severe infiltration b3’’ manj'' large mononuclear cells 
and plasma cells. Capillaiy endothelium was mildlj' swollen. Occasionallj’’ 
the infiltrate was perivascular in distribution. 

In the hmg, there was considerable congestion of septal capillaries uith some 
c.xlravasation of blood into alveoli. In some parts, bronchioles and adjacent 
alveoli were filled with sanguino-purulent e.xudate. A few septal capillaries 
ai)pearcd thrombosed. Very little interstitial infiltrate was seen. Some alveoli 
showed mildl.v swollen and lu’^perplastic lining cells. 

Uver sections showed dilatation of small bile ducts. Generalb' the liver 
cells were swollen and somewhat vacuolated. There was a single focus of 
coagulation necrosis. The sinusoids were narrowed, contained little blood and 
a medium number of mononuclear cells, while Kupffer’s cells were prominent. 

The follicles of the spleen were of small size and the pulj} was congested. 
AIan\' aggiegates of large mononuclear cells and plasma cells were in the pulp. 
Reticulo-endothelial cells were swollen. 

The kidney exhibited large glomeruli and fibrinous material was seen rarely 
within their capillaries. The tubules were dilated. Scattered small infiltrates 
of mononuclear cells were seen in edematous interstitial tissues. 

llie tubules of the testis contained no spermatozoa. The geiTninal epithelium 
was h3qDoplastic. The interstitial tissues exhibited edema and a rather diffuse 
infiltration b3’’ plasma cells and large cells with pale nuclei and amphophilic 
c3'toplasmic zones. In a few fields there was a little perivascular l3Tnphoc3rtic 
infiltration. Swelling of the capillaiy endothelium was conspicuous. In several 
.small vessels there were subintimal blebs of fibrin and degenerating cells. A 
few endothelial cells contained minute, poorl3' stained basophil intrac3’’toplasmic 
inclusions which were possible rickettsiae. 

In the rectus muscle there was no necrosis. Capillary endothelial swelling 
was moderately advanced. 

In the ^’el•tebral bone marrow, the 3'oung granuloc3'tes were increased; there 
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were ratlier prominent shadowy bodies the size of raegakaiyocrv'tes and fairh' 
numerous large phagocjies exhibiting ingested nuclear debris and eiythroc\i:es. 

In two sections from the shin of one thigh there was an intense reaction in 
the deep corium which consisted of edema and perivascular 'nfiltration by 
h-mphoeytes, plasma cells and large mononuclear cells with pale, eccentrically 
placed nuclei. Gapillaiy endothelial cells w'ere greath' swollen. Occasionally, 
it appeared that a capillaiy or arteriolar wall was entu-ely infiltrated by the 
inflannnatory cells and obliteration had re.sulted. Several small vessels were 
occluded by thrombi. The inflammation extended to the subcutis. Sections 
of the skin from the foreann showed similar but less advanced changes. Sections 
of the scrolum revealed mild perivascular infiltration but changes were not as 
severe as those found in other areas of skin. 

Sections of the aorta, th\Toid, pancreas, pro.state, adrenal and urinary bladder 
appeared nonnal. 

In the brain congestion was severe. There was mild mononuclear cell in- 
filtration of the leptomeninges of the cerebral cortex. The cerebellar meninges 
exhibited a distinct diffuse and perivascular infiltration by large mononuclear 
cells and swollen endothelial cells. In the corpus striatum, pons and in the 
cervical cord, mild perivascular mononuclear cell infiltration was seen. Mild 
monocytic meningeal infiltration was seen in the ceiuncal cord. The pituitary 
appeared nonnal. 


DISCUSSIOX 

In general, the microscopic observations made in these three cases were 
similar. Acute interstitial myocarditis which was seen in each case probably 
was a major factor in the deaths. Damage due to cardiac muscle fibei-s was 
not e\ideiit. AYith exception of the two small nodules seen in Case 1 , pulmonary 
changes were minimal. The microscopic appearances of the liver, spleen and 
hunph nodes could probably be duplicated ly many infectious diseases. The 
obliterative thrombo-vasculitis and perivascular nodules of the skin resembled 
closely the le.sions described in epidemic tri^hus. The se^'ere interstitial orch- 
itis occurred without recorded sruaptoms. 

The brain changes consisted of edema, In-peremia, mild meningeal mono- 
nuclear cell infiltration and occasional perivascular mononuclear cell infiltration 
seen in meninges or within the brain. Endothelial cell swelling was not im- 
pressive. Xo “tr'phus nodules” were seen. 

The .splenomegaly (weight 1100 gm.) in Case 1 is far greater than that re- 
ported for various rickettsial diseases. From available literature the largest 
spleen reported for epidemic tr-phus” weighed 440 gm. and for Rockj' ^Mountain 
spotted fever,® 446 gm. In scrub t\-phus it has been described as twice normal 
size. 

The severe jaundice in Case 1 was also unusual. .loseph,’ in a clinical stiuh" 
of 44 cases of tj-phus in New Orleans, observed jaundice in 1 case. It was seen 
in 2 of the 19 cases of fatal Rockj* ^Mountain spotted fever studied by Lilhe.® 
Study of epidemic tr-phus in Naples by British investigators*® showed an inci- 
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dence of 4 per cent Avitli jaundice. In addition to the splenomegaly and jaun- 
dice, the patient in Case 1 exhibited a rapidly progressive course, thronabocj'to- 
penia, severe anemia and leukopenia. Although the laboratory diagnosis of 
tvphus appeared conclusive, the attending ph 5 'sicians believed that some other 
unidentified disease vas present. 

The slides of Case 1 were re\-ie\ved by the Staff of the Army Institute of 
Patholog}', and by Dr. R. Philip Custer of Philadelphia and Dr. Henry Pinker- 
ton of St. Louis, resident consultants for the Institute, who expressed the opinion 
that there had been some poorly defined foi-m of bone marrow disease leading 
to myelosclerosis and splenomegaly prior to the attack of endemic t^T^hus. 

No other diseases to account for the fatal outcome were discovered in Cases 
2 and 3. The possible harmful effect of sulfa drugs, which has been noted in 
other rickettsial diseases, was of course suggested by the fact that each of these 
was given sulfa therapy. In Case 2, the patient had been given twelve hours of 
treatment with sulfathiazole hy liis private phj’-sician and, after hospitalization, 
was given 8 gm. of sulfadiazine. As treatment for a probable pneumonia, the 
patient in Case 3 was given 33 gm. of sulfadiazine. In Case 1, atabrine and 
quinine were administered, but there was no record of the administration of a 
sulfa drug. 

In Case 3, the diagnosis could not have been conclusive had not the disease 
been suspected at autops}- and suitable material taken. 


It appears that detailed autops}' reports have not been made on cases of 
endemic typhus from the United States. Pathologic studies of three cases, one 
from Mobile, Alabama and two from New Orleans, Louisiana are reported. 
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OCCURRENCE OF A COMMON GROUP ANTIGEN AIvIONG CANDIDA 
ALBICANS, SACCHAROMYCES CEREVISIAE 
AND HANSENULA ANOMALA* 


ARNOLD J. RAWSON, and ROBERT F. NORRIS, IM.D. 

From (he William Pepper Laboratory of Clinical Medicine, University of 
Pennsylvania, Philadelphia 

Although it has been known for many 3'ears that serologic cross reactions are 
demonstrable between members of the genus Candida and the group of naturally' 
occurring true j-easts, there are few data concerning the reactions among organ- 
isms of established identity. 

Epstein," Fineman’ and HLues^ found cross agglutination reactions between 
Candida and true 3'easts. Benham- likewise demonstrated a common antigen 
among Candida, Hansenula (Willia) and Saccharomj'ces. Almon and vStovall^ 
pointed out that in these p^e^’ious studies the identitj* of the j'easts Avas not 
clearlj' established and that in most instances high antibodj^ titers AA'ere not 
obtained in experiment allj' immunized animals. The significance of such re- 
ports is consequenth' imcertain. The first studA' of this sort in which a number 
of j’-eastlike organisraus was fullj' identified was reported bj' Almon and StoA'all.^ 
Employing organisms obtained from the American tAqje culture collection and 
others that they identified, these authors bj' means of cross agglutination and 
agglutinin-absorption experiments found supportive eAidence for the existence 
of a common group antigen among Candida, EndomA^ces, Saccharomyces and 
Hansenula ("Willia). 

Since confirmation of the AA'ork of Almon and Stovall^ has not been reported 
as A’et and since the results obtained bj' preAuous workers are difficult to eA’-aluate, 
Ave haA'e conducted cross agglutination and agglutinin-absorption experiments 
betAveen Candida and other A'eastlike organisms, particularlA' Saccharomj’-ces 
and Hansenula. The present report deals Avith the results of this studJ^ 

SIATEPUAnS AISTD METHODS 

In Table 1 are listed the organisms emploj'ed and their sources. The species 
of Candida and Geotrichum AA'ere identified bj' stud}' of the morpholog}' and the 
biochemical reactions according to the method of Martin, Jones, Yao and Lee.® 
The identity of the strain of Candida albicans AA'as confirmed by Dr. Fred D. 
Weidraan, Department of Research Dermatolog}', UniA'ersity of Pennsylvania. 

C. albicans (K) fermented glucose and maltose with the production of both 
acid and gas. Sucrose AA'as fermented with the production of acid but no gas. 
Lactose Avas not fermented. Young cultures AA'ere composed of oA'al, yeastlike 
forms, the colonies on Sabouraud’s agar and on blood agar being roxmd, creamy 
and but}Tous, and measuring about 2 mm. in diameter. Four day old cultures 
on corn meal agar incubated under decreased ox}'gen tension shoAved t-A-pical 

* BeceiA'ed for publication, July 12, 1947. 
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branching mycelia with chlamyclospoi’es. No pellicle was produced on Sabou- 
raud's acid broth. 

CawUda (ropicalis (ER7) fenncnted glucose, sucrose and maltose with the 
production of both acid and gas. Eactose was not fermented. Sabouraud s 
agar and blood agar cultures Avere composed of yeastlike forms, the colonies being 
round, creamy and butyrous, and measuring about 2 mm. in diameter. On 
corn meal agar there were well developed mycelia without chlam 3 ’'dospores. 
On acid broth a moderately heavy pellicle with numerous bubbles was produced. 

TABLE 1 

Source of Org.anisms 


ORfiANISit 

NUMBER 

SOURCE 

Candida albicans 

K 

Patient’s sputum (bronchopulmonary moniliasis). 
Identified by Dr. Fred D. tVeidnian, Medical 
School, Unwersity of Pennsjdvania 

Candida parakrusei 

EB3 

Patient’s skin (cutaneous moniliasis) 

Candida (ropicalis 

ER7 

Patient’s skin (cutaneous moniliasis) 

Sacchnromyccs ccrc- 
visiac (sporing 
variety) 

S. ccrcvisiae (non- 
.•sporing) 

A 

1 

B 

Stock strains obtained by Department of Botany, 
University of Pennsylvania from Dr. Carl C. 
Lindegren, Department of Bacteriology and 
Immunologj', tVashington University School 
of Medicine and Henry ShaAV School of Botany, 
Washington University, St. Louis, Missouri. 

,S. ccrcvisiac (ellipsoid) 

C 

Stock strain obtained from Department of Botany, 
UniA'ersity of Pennsjdvania. 

Jlanscnula anoinaJa 

m 

Stock strain obtained from and identified by Dr. 
W. G. Hutchinson, Department of Botanj’, Un- 
iversitj' of Pennsyhmnia. 

Gcolrichum laclis 

5417 

Patient’s sp.iium (chronic bronchitis) 

Crt/plococcus ncoformans 

T1 

{ 

Patient’s spinal fluid (torulosis) obtained from 


I Dr. Fred D. Weidman. 


Candida paralcnisci (ER3) feimented glucose with the production of acid and 
gas. .Ifter prolonged incubation only a slight amount of acid appeared in the 
sucro.?e and maltose tubes. Lactose Avas not feimented. On blood agar small, 
gray, Ioav, irregular colonies composed of yeastlike cells AA'cre produced. On 
corn meal agar tA^iical branched mycelia AAOth lateral conidia Avere foimed. No 
pellicle AA-as produced in acid broth. 

Gcolnchuin laclis (5417) feimented glucose Avith the production of acid only. 
Lactose, sucrose ami maltose AA'ore not fermented. The firet subculture on blood 
agar gave colonies measui’ing about 2 mm. in diameter AAith a limited amount of 
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aerial mj'celia. Subsequent subcultures on Sabouraud’s agar gave rugose, 
creamy colonies vith vrideh' spreading mj'celial fringe vliicli extended into the 
agar. Com meal agar cultures showed septate branching m 3 'celia composed 
of ai-throspores. In rivo daj' old preparations the arthrospores were verj' abun- 
dant and dispelled, appearing as large baciilaiy and occasionalh' as large coccoid 
forms. 

Imraime serums were prepared bj' the intravenous inoculation of rabbits 
weighing approximateh' 2 Kg. with the respective organisms according to the 
method of Benham.- At the start of the experiment, the rabbits had no demon- 
straljle agglutinins for the homologous orgam'sms. The organisms were gi-own 
on Sabouraud’s glucose agar for not more than twentj'-four hours, were suspended 
in phj'siologic salt solution, and were then killed bj' heating at 60 C. for one hour. 


TABLE 2 

Agglutixatio.v Beactions of Various Axtiservms with Homologous Org.enisms 

AND Candida albicans 


i 

ANTISESCIT j 

AKTISEftUil 

KUifBES 

1 i 

; TITER or HOMO- 1 
1 LOGOUS ORG.VinSMS I 

i TITER or C. Alhi - 
j cans ORGANISMS 

( 

j 

Cryplococcus ncoformans 

; ' ■ " 1 

i 4 

i 0 

0 

C. ncoformans 

i 0 

1 0 

0 

Geotricinnn laclis 

I 

1:2560 

0 

G. laclis ' 

! 12 

j 1:2560 

0 

Saccharomyces ccrcvisiae “A” ! 

1 13 

1:10240 

1:640 

S. cerevisiac “A” 1 

14 

j 1:10240 

; 1:320 

S. ccrcvisiae “B” 

15 

1:10240 

1:640 

iS. ccrcvisiae “3” i 

16 

1:10240 

1:640 

iS. ccrcvisiae “C” 

17 

1:5120 

j 1:640 

S. cerevisiac “C” ! 

18 

1:5120 

1:640 

Hanscnula anomala 

S 

1:2560 

1:1280 

H. anomala 

9 

j 1:2560 

1 1:1280 


Blood for testing was dravm from the ear vein ten daj's after completion of the 
inoculations, except when otherwise indicated. 

Seram agglutinins were titrated in studies of cross agglutination and in ag- 
glutinin absoi-ption tests bj’’ the method we have previousl 3 ' desciibed.” The 
final dilution of antigen emplo 3 'ed in all cases was 1:3000. Serial dilutions of 
serum were made from 1:5 to a final dilution of 1:10,240. 

Agglutinins were absorbed b 3 ’' adding approximatel 3 ^ 10 volmnes of a 1:2.5 
dilution of seimu to 1 volume of packed cells. The mixture was then incubated 
in a water bath at 37 C. for two hours. The suspension was centrifuged and the 
supernatant was absorbed again with fresh antigen. If agglutination was ob- 
served, upon completion of the second absoiption, the absorption was repeated 
until none was visible. As a control for tlie completion of absorption, the super- 
natant, constituting the absorbed senim, was titrated against the absorbing anti- 
gen for the presence of agglutinins. Unabsorlied serum in all cases was incubated 
together with absorption mixtures to furnish a controlled standard of reference. 
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RESULTS 

In Table 2 it will be seen that inoculation of tlie rabbit with Cryplococcus neo- 
formans {Torula hislohjlica) did not result in the formation of agglutinins for the 
homologous organism or for C. albicans. All of the other organisms, however, 
were highly antigenic in the rabbit. Except for Geotrichum, the antiserums for 
these organisms also strongly agglutinated C. albicans. On the other hand, in 
Table 3, it is seen that seven antiserums for one strain of C. albicans agglutinated 
Saccharomyces ccrevisiac in substantially the same titer as with the homologous 
organism. Table 4 indicates that the antiserums for S. cercvisiae and Hansenula 


TABLE 3 

AcoLtrTi.NWTiox Re.^ctioxs or Candida albicans Antiseru.ms wuth C. albicans 

AND Saccharomyces ccrevisiac 


C, albicans A^’T 1 SERUMS 

TITER or C, albicans ORGANISMS 

TITER OF S. cercvisiae “a” organisms 


1:1280 

1:640 

J?24 

1:640 

1:1280 

#2S 

1:2560 

1:1280 

«32 

1:1280 


)¥33* 

1:640 


^'19* 

1:160 

1:80 

js;2o* 

1:320 

1:640 


* Blood was drawn one month following completion of final course of inoculations. 


TABLE 4 


Acglutinatiox Reactions of Hansenula anomala and Saccharomyces ccrevisiac 
Antiserums with Vakiods Organisms 


ORGANISMS 

ANTISERXm 

Tiler of £r.o«omo?<J 

Titer of S. ccrevisiac 
“a" 13 

S. cercvisiae 

1:1280 

1:5120 

JI. anomala 

1:1280 


Candida albicans 

1:640 


Candida parakrusei 

1:160 

1:80 

Candida Iropicalis 

1:80 

1:20 


anomala cross agglutinated the heterologous organism, and the antisemms for 
both cross agglutinated C. parakrusei and C. iropicalis in addition to C. albicans. 

bince each of the three strains of S. ccrevisiac completely absorbed not only the 
agglutinins of the homologous serums but also those of the other two serams, 
these organisms were considered antigenicallj’^ identical and only strain “A" 
was employed in the following absor])tion tests. 

In Table 5, it is shown that both C. albicans and S. ccrevisiac, respectively, ab- 
sorbed the greater part of the agglutinins for H. anomala. The absorption of S. 
cocvisiac antiserum with either C. albicans or H. anomala, however, did not re- 
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duce the original titer of the serum for the homologous organisms. A like result 
was obtained when C. albicam antiserum was absorbed rs-ith S. cerevisiae and H. 
anomala, respectiveh*.' 

After absorption of antiserum for C. aJbicam with S. cerei'isiae, the absorbed 
semm did not agglutinate H. anomala. Likewise, after absorption ^^ith H. 
anomala, C. aVncam antisenun did not agglutinate S. cerevisiae. 

DISCUSSION 

The cross agglutination and agglutinin-absorption experiments indicate the 
existence of a common antigen which is shared by the three species of Candida 
and each of the species of true yeasts tested. In this regard the work of Almon 
and Stovall* has been confinned. In Table 4 it is shown that our strain of C. 


TABLE 5 

Agglutix.\tiox Reactioxs of Axtisercus with Vahious Obg.vn'isms Followixg 
Complete Absop.ptiox MTrH Ixdicated Obgaxisms 


i 

A^TISKHUSr 1 

1 

i 

1 ABSOEBLVC ORGANISU j 

^ SUBSEQtrE;.-T AGCtCrrSATIOS 

i Organism tested | 

Titer 

Hansenula anomala ^'9 1 

C. albicans 

H. anomala #9 

1:20 

H. anomala ,^'9 ! 

S. cerevisiae “A” | 

H. anomala #9 

1:40 

H. anomala ^'9 j 

1 Xone (control) i 

j 

i H. anomala #9 

1:640 

\ 

Saccharomyces cere- i 

m/ae“A”j?13 

! C. albicans 1 

1 1 

1 S. cerevisiae^' A'' #13 

I 

1:5120 

i 

S. cerevisiae “ #13 j 

H. anomala 

S. cerevisiae “ A” #13 

1:5120 

S. cerevisiae “ A.” 

None (control) 

1 S. cerevisiae “ A” #13 

L. 

1:5120 

Candida albicans #3 i 

S. cerevisiae 

1 

i C. albicans #3 j 

1:1280 

C. albicans #3 

U. anomala 

i C. albicans #3 

1:1280 

C. albicans #3 

None (control) 

j C. albicans 

i 

1:1280 

C. albicans #2 

1 S. cerevisiae 

1 

1 H. anomala 

0 

C. albicans #2 

i H. anomala 

j S. cerevisiae 

0 

C. albicans #2 

1 None (control) 

1 C. albicans \ 

1 

1:1280 


iropicalis was not agglutinated in as high a titer as our strain of C. albicans by 
antisemms for Hansenula and Saccharomyces. So far as tliis evidence goes, 
our results are in disagreement whith those of Almon and Stovall* that these 
species are serologically identical. Our strain of C. neojormans produced no 
detectable agglutinins in the rabbit. E\-idently the antigenic structure of Geo- 
trichum is distinct from Candida, since the Geotrichum antiserums did not 
agglutinate these organisms. 

Estimates of the approximate relative proportions between common and 
species-specific agglutinins in the rabbit suggests that C. albicans and S. cerevisiae 
antiserums each contain predominantly effective homologous species-specific 
agglutinins, but that H. anomala. antiserum contains predominanth* effective 
common agglutinins. These results likewise confirm the findings of Almon and 
Stovall .* 








S12 


KAAVSOX ANT) NORRIS 


StTMiLARY r 

]3y means of cross agglutination and agglutinin-absorption reactions, a group 
antigen common to Candida (Monilia) albicans, Saccharomijces cerevisiae, and 
Hansenula (Willia) anomala is demonstrated. Immune antiserums for Candida 
and Saccharomyces contain predominant^ effective species agglutinins; anti- 
serums for H. (ll'7//fa) anomala contain predominantly effective group agglutin- 
ins. The prenous work of Almon and Stovalff is confiraied. 
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OCCURRENCE OF SERmi AGGLUTININS FOR CANDIDA 
ALBICANS AND SACCHAROMYCES CEREYISIAE IN A 
HOSPITAL POPULATION* 

ROBERT F. XORRIS, il.D., axd ARXOLD J. RAWSOX, M.D. 

From the William Pepper Laboratory of Clinical Medicine, University of 
Pennsylvania, Philadelphia 

The occun-ence of semm agglutinins for Candida {Monilia) albicans in man 
has not been wiclelj" studied and a compai’ison of the titers for this organism \\ith 
those for Saccharom3'ces has not been reported. In chronic infections thought 
to l3e caused or aggmvated b^* Candida, serum agglutinin titei-s have been studied 
in individual cases. Thus titers have been reported in cases of chronic broncho- 
pulmonarj’- disease in which Candida (Alonilia) was constanth' present in the 
sputum, b\' Kurotchkin and Chii,- Bakst, Hazard and Foie}',- Norris,^^ Koerth, 
Donaldson and IMcCorkle,® and Pimentel Imbert;'- in cutaneous moniliasis b\' 
Hopkins;^ and in vegetative endocarditis with sj'stemic mj'cosis bj’ Joachim and 
Pola3*es." The titers ranged from 0 to 1:640. On the other hand, in a group of 
1150 presumabl}' normal individuals, Todd'^ reported the presence of serum 
agglutinins for C. {Monilia) albicans in titers of 1:10 or higher in 259, or 22.5 
per cent. The incidence of detectable agglutinins in women was 30.4 per cent 
compared with 15.7 per cent in men. The gi-eatest incidence was in the group 
having titers of 1 : 40. Twent3''-.six serums gave a titer of 1 : 160, 8 a titer of 1 : 320, 
and 1 a titer of 1:640. In aU but 1 of the 26 persons, C. albicans was cultured 
from the mouth or tlnoat. For tliis reason, Todd concluded that a definite re- 
lationsliip existed between the presence of organisms in the bod}' and the high 
antibod}' titers. Among 26 individuals shoving no clinical evidence of Candida 
infection, Bakst, Hazard and Foie}*- found that 17 had agglutinin titers of from 
1 : 5 to 1 : 80. Recently, however, Fuentes and Quart on, ^ in a study of the serums 
of 1002 unselectod patients found only 2 who showed agglutinins in titers of 1 :20 
or higher; one in a titer of 1:20 and the other in a titer of 1:80. In 10 patients 
having vmginitis thought to be caused by Candida, serum agglutinins for this 
organism were not detected. Although their findings were quite different from 
those of Todd, the authors concluded that when detectable serum agglutinins 
for iMonilia are present, clinically important moniliasis is likely to be present. 

From the evidence cited, it is apparent that more data will be required in 
patients not suspected of harboring Candida as well as in patients in whom Can- 
dida is thought to be clinically pathogenic, l^efore the i^resence or absence of 
semm agglutinins for this organism can be evaluated. For this reason, the titers 
of semm agglutinins for C. albicans have been estimated in a gi-oup of serums 
submitted for the serologic diagnosis of sypliilis. Since it is known that cross 
agglutination reactions occur in experimentally immunized animals, not only 
between species of Candida but also between Candida and other yeastlike fungi 

* Received for publication, July 12, 1947. 


813 



S14 


KOKKIS AXD RAAVSOX 


(Fincman,’ Benliam ® Almon and Stovall,' Martin,'® and IlaA\son and Norris, ) 
tliG aaglutinin titers of more than half the serums for a stock strain of Sdcchcro- 
myccs ccrcrisiae were determined siraultaneoush". 

MATERIALS AND METHODS 

The senims of 469 persons submitted to the laboratory for routine serologic 
tests for s}T 3 hilis were employed. Since a correlation of seiaims ha\dng detect- 
able agglutinin titere for Candida uith positive serologic tests for syphilis was 
contemplated, more serams giving positive Kolmer and Inline tests were selected 
than would have occurred b}’ random sampling. In several instances, the serums 

TABLE 1 

The Incioen'CE of Aggeutixins for Candida albicans According to titer 

.uvioNG 469 Patients 


TITER 



0 

1:5 1 

1:10 

1:20 

1:40 

1:80 

1:160 

11320 

Number of patients 

169 

83 j 

92 

68 

29 

1 

21 

4 

3 


TABLE 2 

Titer of Agglutinins in 464 Serums, According to Sex of Patient 


Children arc listed separately. The numerals indicate the number of persons in each 
group. 


T'kTE or TATIEST 

TITER or AoctCTlNiNS TOR Candida albicans 

TOTAL 
KUMBER OP 
PATIENTS 

0 ! 

1:5 ' 

1 

1:10 

1:20 

1:40 

1:80 

1:160 

1:320 

Woman adults ‘ 

109 

1 

54 

63 

oi 1 

25 

1 

11 

4 

3 

323 

Men adults 

50 

27 

24 

14 

4 

9 

0 

0 

128 

Children 

0 

2 

5 

0 

0 

0 

0 

0 

13 

Totals 

165 

83 

92 

68 

29 

20 

1 

4 

3 

464 


of patients known clinically to harbor Candida for long periods of time were 
c.xcluded. Otlierwise, there was no effort at selection. 

llie strains of C. {Monilid) albicans and S. cercvisiae employed were those 
u.sed in our previous studj'“ and their characteristics will not be detailed again. 
The antigens were prepared for use and the agglutination tests were performed 
according to the method we have prexioustj”^ reported.'- The seiiims had been 
inacth'ated prior to testing. No difficulty with spontaneous agglutination of 
the antigen was experienced in controls of phj'siologic solution of sodium chloride 
or in negative serum. 

RESULTS 

In Table 1, it will be seen that 300 of 469 serums gave agglutinin titers for C. 
albicans of 1 :5 or greater, an incidence of 64 per cent, and 216 gave titers of 1 : 10 
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or greater, an incidence of 46 per cent. The obsen^ed incidence is thus twice 
that reported by Todd,^® who found that only 22.5 per cent of serums gave titers 
of 1 ; 10 or higher and is ob\dously greatty in excess of that reported by Fuentes 
and Guarton,® who found only 2 serums of 1002 -with titers of 1:20 or 
higher. 

Of the total number of 469 serums, the age and sex were known in 464. In 
Table 2, children under 13 j^ears are listed separately. The remainder are 
gi-ouped according to sex. A higher incidence of serum agglutinins is observed 
in females than in males, but the difference in incidence is not so gi-eat ^ that 
reported by Todd.^^ The difference is greatest when agglutinins at titers of 1 '.20 


50 



05 




ec 



0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

4 

0 

1 

3 

0 

0 

0 

2 

7 

5 

1 

2 

0 

0 

■ 

6 

10 

7 

9 

4 

0 

0 

0 

18 

11 

11 

9 

1 


1 

0 

70 

23 

21 

14 

0 

0 

2 

1 

0 

1:5 

1:10 

1:20 

1:40 

1:80 

1:160 

1:320 


Titer of agglutinins for Candida albicans 


Fig. 1. The titers of serums for S. ccrcmfac are plotted on the ordinate and 
for C. albicans on the abscissa in each case. The numbers in the squares indi- 
cate the number of persons in each group. 


or higher are compared : women positive in 30 per cent, men in 21 per cent. This 
ratio is not significantly different from the 2:1 ratio reported by Todd, but on 
the other hand, the figures in themselves do not establish statistically a prepon- 
derance of agglutinins among women. 

■\^Tien the presence or absence of detectable agglutinin titers for both C. albicans 
and S. cerevisiac are compared (Fig. 1) for the serums of 251 patients, it voU be 
seen that 181 serums, or 72 per cent, had measurable titers to one or both or- 
ganisms. One himdred and fifteen had positive titers for S. cerevisiac and 157 
for Candida. Of these, 91 serums agglutinated both organisms. On the other 
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hand, only 70 , or 28 per cent, of the serums liad no detectable agglutinins^ to 
cither Candida or Saccharomyces. T^Hien these results-are analvzed it is stiiking 
to observe that those serums ndiich have no agglutinins for one organism gener- 
ally have no agglutinins for the other organism. Conversely, when a seram has 
agsilutinins for one organism, there is a highly significant tendency for that serum 
also to agglutinate the second organism. In those serums which agglutinate 
both organisms, however, there is no correlation between the height of the in- 
dindual titers for one organism as compared with the titer for the other. 

Corrclalion of Presence of Aggluiimns for C. albicaiis with Positive Reactions for 

Syphilis 

In the course of the studj-, several specimens also gave positive serologic tests 
for syphilis. The question arose, therefore, whether any correlation might exist 
between positive tests for S3'philis and high titers for C. albicans. If a correlation 
should exist, the role of immunity to C. albicans as a possible cause of false posi- 
tive serologic tests for S3"pliilis would require further investigation. No data on 
this subject were found in the literature. 

The serologic tests for S3'philis emplo3'ed were the qiiahtative Kolmer comple- 
ment-ri.xation test and the diagnostic Kline flocculation test. Of the 469 semms 
in which the presence or absence of agglutinins was detemrined, the results of 
the Kolmer and Kline tests in 458 were considered satisfactor3' for comparison. 
Tile eleven tests remaining were not included since the serums were found to be 
anticomplementaiy when the Kolmer tests were read. j\Iore serums with posi- 
tive serologic tests for S 3 'philis were selected than would have been obtained b3'- 
random sampling alone. 

In Figure 2 , the readings of Kolmer and Ifline tests are plotted together along 
tlie ordinate against the readings of the Candida agglutination tests along the 
abscissa, lldien the figures are anal3'zed, there is no more coincidence between 
positive Kolmer and IQine tests and the presence of seram agglutinins for C. 
albicans than would be e.xpected from chance distribution. Consequentl3’’ a more 
detailed stud3' including quantitative serologic tests for 53^5^113 was not under- 
taken. 


COIEMEXT 

From the data presented, the incidence of detectable serum agglutinins for C. 
albicans in a group of hospital patients is higher than has pre'\dousl3’' been re- 
ported. Since no difficulty was exirerienced with spontaneous agglutination of 
tlie antigen, wiiich was prepared from growths of not more than twent3'-four 
hours duration on Sabouraud’s agar, it is believed that the results were not 
cau.sed 1 ) 3 ' technical error. It is possible that the pi’esent strain of C. albicans 
was agglutinated b3’' human serams more readil3'' than were the strains emplo3"cd 
b3 othoi's, cspociall3’^ that of Fuentes and Guarton.® It is also possible that in 
the particular hospital population studied, the incidence of exposure to Candida 
n as greater than in other localities. iVn explanation as to the difference in sex 
incidence reported b3’' Todd*® as compared u*ith our results is not apparent. 
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Tlie tendencj' for serums to sho\r no agglutinins for eitlier_ Candida or Sac- 
charom3"ces or converse!}' to show agglutinins for both of theni-is to be expected 
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Titers for Candida albicans 

Fig. 2. The readings of the qualitative Kolmer and diagnostic Ivline tests are 
plotted on the ordinate and the titers of serums lor Candida albicans on the abscissa 
for each case. The numerals indicate the number of cases in each group. 

because of the gi-oup antigen present in both organisms. The lack of coiTelation 
between the height of the agglutinin titer for Candida and Saccharomj^ces maj' 
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actualh’ be due to immunization in indi\’idual cases against the organism jdelding 
the liigher titer. Since individuals are Ukel}’’ to be exposed to both organisms, 
however, this explanation is bj' no means certain. Among this group of semms, 
furthermore, the occurrence of agglutinins for other fungi was not investigated. 

In view of these possibilities, the clinical records of patients having serums 
with liigh titei’S for either Candida or Saccharomyces or both were reviewed. 
None was suspected clinically of harboring Candida or any other yeastlike or- 
ganism. The diagnoses were scattered over a wide range of medical conditions 
and a factor common to this group was not discovered. 

Because of the variation in incidence of serum agglutinins for C. albicans so 
far reported and because of the known cross agglutination reaction between Can- 
dida and other 3 'eastlike fungi, it is concluded that the presence of serum agglutin- 
ins for Candida in an individual is not specific evidence that Candida is harbored 
in the tissues of the patient. 


staniART 

The agglutinins for Candida (Monilia) albicans were titrated in 469 serams 
submitted to the laboratory for routine serologic tests for syphilis. Agglutinin 
titers for Saccharomj’’ces were detennined simultaneously in 251 serums. The 
incidence of detectable agglutinins was greater for Candida than that reported 
by other workers and, contrar}' to preAUous reports, the number of women uith 
demonstrable agglutinins was not significantl}'^ preponderant. There was a 
significant trend for senims to have no agglutinins for either Candida or Sac- 
charomycos or to have detectable agglutinins for both organisms. Because of 
the high incidence of serum agglutinins for Candida in a hospital population and 
because of the knoum cross agglutination reactions between Candida and other 
\'castlike fungi, the agglutination test should be used onlj’’ as an adjunct in 
clinical diagnosis. 

Qualitative Kolmer complement-fixation tests and Kline diagnostic flocculation 
tests for sj'philis and an estimation of the serum agglutinin titer for C. albicans 
were performed on 458 of these serums, "i^lien the results of individual tests 
were charted, there was no more relation between a positive Kolmer and Kline 
test and the presence of detectable agglutinins for C. albicans than would be 
expected bj^ the laws of chance. 

Acknoivlcdgmeni. The autliors wish to thank Dr. J. Harold Austin for his aid in the 
analysis of the results. 


REFERENCES 

1. Ai.mox, L., an'd Stov.ali., W. D.; Serologic reactions of cultures of monilia and of some 
other ycasthke fungi. .7. Infect. Dis., 66: 12-25, 1934. 

”■ Eoley, J. A.; Pulmonary moniliasis. J. A. M. A., 

lUZ! J20a~121o, 1934. 

.7. Benham, R. \\ .: Certain Alonilias parasitic in man; their identification by morphology 
and by agglutination. ,7. Infect. Dis., 49: 1S3-21S, 1931. 

- F n' thrush parasite. J. Infect. Dis., 28: 185-200, 1921. 

o. I'lu.N’TEs, C., AND Ge.arton', G.: Iiivcstigacifin de las aglutininas normalcs contra la 
Candida albicans on cl suero de los seres humanos. Rev. mdd. cubana, 66 : 101-108, 



AGGLimNINS FOR CANDIDA AND SACCH.VROMYCES 


819 


6. Hopkins, J. G.: Aloniliasis and moniliids. Arch. Dermal, and Sj^ph., 25: 599-614, 

1932. 

7. Jo.^CHi.M, H., .\XD PoLAYES, S. H.: Subacute endocarditis and svstemic mvcosis (Mo- 

nilia). J.A.IvI.A., 116 : 205-208, 1940. 

8. Koerth, C. J., Dox.aldsox, J. M., Jr., .axd McCorkee, R. G.: Broncbomoniliasis. 

.Am. Rev. Tuberc., 43: 72.^737, 1941. 

9. Kurotchkix, T- j., .axd Chu, C. K.: Broncbomoniliasis. Serological studies on a 

case. Xat. M. J. China, 15: 403-409, 1929. 

10. ADrti.v, D. S.: Studies on immunologic relationships among various species of genus 

Candida (Monilia). Am. J. Trop. Med., 22: 295-303, 1942. 

11. XoRRis, J. C.: Pulmonary moniliasis; brief resume of clinical, pathological and diag- 

nostic phases of disease and its treatment. Dis. of Chest, 2: 21-24, 1936. 

12. Norris, R. F., axo R.a-ivsox, A. J. : Detection of serum agglutinins for monilia and other 

yeastlike organisms. Science, 105: 105, 1947. 

13. PiMEXTAL Dibert, jM. F.: Broncomoniliasis; reporte de un caso fatal. Rev. de med. 

trop. 3 ' parasitol., bacteriol., din. 5 ’- lab., 9: 16-18, 1943. 

14. R.av'sox, .a. .1., .AXD Norris, R. F.: Occurrence of a cotnraon group antigen among 

Candida {Monilia) albicans, Saccharo}n7jces cerevisiac, and Hansenula {Willia) 
anomala. Am. J. Clin. Path., 17 : 807-812, 1947. 

15. Todd, R. L.: Studies on 3 'eastlike organisms isolated from the mouths and throats of 

normal persons. Am. j. H 3 -g., 25 : 212-220, 1937. 



CILVRACTERISTIC URINARY FINDINGS IN VISCERAL ANGIITIS 
(PERLVRTERITIS NODOSA, LOTUS ERATIIEMATOSUS)* 

JOHN B. ]ML\LE, jM.D. 

From the Pathological iMloraiorics of the Marshfield Clinic and the St. Joseph’s Hospital, 

Marshfield, Wisconsin 

Renal damage is frequent!}' seen in “vnsceral angiitis”, a term suggested to 
cover that group of diseases for wMch a common denominator has long been 
sought.-' 5 - s ^ilthough detailed descriptions of the histopathologj' have been 
published, ^ only one report, that of Ei-upp,® emphasizes characteristic uri- 
nary findings . Krupp studied 21 cases of \dsceral angiitis and found a charac- 
teristic urinary sediment in 14. Tliis consisted of the simultaneous presence of 
elements usually characteristic of the early stage of nephritis (erythrocytes and 
eiytlu'ocj'tic casts) and those usually seen in the chronic stage (broad casts, vaxy 
i;asts, fatty casts and “oval fat bodies”). 

I have recently had occasion to study two patients with periarteritis nodosa 
and one with acute disseminated lupus erj-thematosus. The diagnoses in these 
cases were proved b}' biops}' or autops}’’, a complete clinical report being presented 
elsewhere.’ Freshly voided or catheterized first morning urine specimens were 
examined. It was impractical to study the sediment by the method of Addis,’ 
as Krupp did, since these patients were veiy ill and it did not seem justifiable to 
suliject them to a prolonged period of reduced fluid intake. Specimens from all 
three patients showed proteinuria and the unusual sediment previously described 
(Table 1). This urinaiy iricture has been described so seldom in acute glomerulo- 
nephritis that when it is encountered a presumptive diagnosis of visceral angiitis 
.«ecms justified. 

In Case 1 the patient had been hospitalized for an allergic deimatitis, at which 
time the urine was entirel}’’ noimal. The onset of acute panarteritis was sudden 
and dramatic, and Avitliin one week the urinaiy findings were distincti}’' abnoimal. 
As this patient recovered, dail}'- studies revealed improvement in the proteinuria 
and in the sediment. In Case 2 the disease had probabl}' been present in the 
patient for about one year, but the acute exacerbation preceding death lasted 
about one month. It is noteworthy that the urine previously showed only small 
(luantities of protein and a few hyaline casts. The patient in Case 3 had tjqiical 
acute lupus erythematosus, apparentl}’- becoming subacute, and again there was 
gradual impi'ovement in the urinar}" sediment as the acute phase subsided. 

A stud}' of six cases of subacute lupus erythematosus supports the evidence 
that this characteristic sediment is present only during the acute phase. In the 
subacute phase proteinuria is slight and hematuria and casts are absent. The 
disease in Knipp’s cases varied in duration from one to thirty-six months, but 
he also noted that a change in the urinaiy findings paralleled the clinical improve- 
ment. Obviously a large number of cases must be studied from this standpoint 

* Received for publication, June 19 , 1947 . 
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before a definite statement can be made of tlie relation of tbe nature of the sedi- 
ment to the duration of the disease. Admittedly more quantitative results can 
be obtained if Addis counts are done and they should be perfoimed -whenever 


TABLE 1 

SmiMARY OF Urin'arf Fixmxgs IX Two Patjexts -with PEBncRTEF.iTis Nodosa axd One 

Patiext “With Lepvs .Erythematosus 




1 

i 

i DIAGNOSIS 

DITEATIOX or DISEASE 

j EEKAEV JC,-DC:GS 


.A>a> SEX 

Albrcnin in i 
mg./IOO ml. 

r 

Sediment 

1 

40 W M 

Acute periarteri- 
tis nodosa, con- 
firmed by 
biopsy 

1 

1 week 

I 

1 

400 

Many leukocAdes, erj-- 
throcj*te3, erythro- 
cj-tic casts, waxy 
casts, casts with 
fatty vacuoles and 
broad casts 




3 months later, 
disease quies- 
cent 

60 

Very occasional hy- 
aline casts 

1 

2 

67 tv 'M 

Periarteritis no- 
dosa, confirmed 
by autopsy 

? 1 year 

200 

Many leukocytes, erA-- 
throcytes, erj-thro- 
cytic casts, h 3 'aline 
casts, granular casts 
and casts vuth fatt}- 
vacuoles 

3 

o 

^=1 

Acute lupus ery- 
thematosus 
disseminatus, 
confirmed bj' 
biopsy 

2 weeks 

j 

750 

Manj' leukocj'tes and 
erj'throcj'tes, man\' 
eririhroci-tic casts 
and granular casts; 
few hj'aline, waxy 
and vacuolated casts 




6 weeks later, dis- 
ease in sub- 
acute phase 

i 

60 

Occasional leukoc\-tes 
and erA-throc^-tes, 
verj- occasional erj-- 
throcj-tic casts and 
hj'aline casts 


possible. Since it is possible to recognize the unusual sediment on routine uri- 
nah’sis, however, its value as a diagnostic aid is thereb}’’ enhanced. 

SUMALVRY 

A previous report of characteristic urinaiy findings in \'isceral angiitis is sup- 
ported by three additional cases, in which there -nus the simultaneous presence 
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in the urine of elements usually characteristic of various stages of nephritis. The 
picture seems to be characteristic during the acute phase of the disease, and to 
di.sajipoar vith remission. 
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MICEOFILARIAL GRAXULO^IAS, ELEPHAXTLVSIS AND ADENOSIS 

OF THE BREAST* 

PHILIP H, HARTZ, :\I.D., and FRAXS R. vax de STADT, iI.D. 

From the Public Health Service, Curasao. N. I?'’. I. 

In filariasis, especially in infections -tHtli Wucliereria hancrojli, the majoritj' of 
the lesions are caused bj', adult -worms. Up to recent times the microfilariae 
were considered harmless.' although it was kno-^m that degenerating microfilariae, 
especiall.v in hydroceles, might cause tissue changes.^® Aleyei-s and Kouwe- 
naar^ recenth" demonstrated Microfilaria malo.iji in eosinopliilic abscesses in 
the inguinal hunph nodes of patients -with tropical eosinophilia. Bonne* de- 
scribed a marked eosinophilia of the spleen associated wth microfilaria! infesta- 
tion of this organ, the terminal ends of the worms being surrounded by pecuhar 
giant cells, '^'an der Sar and Hartz** reported an almost identical case. Dha 3 'a- 
gude and Amin^ reported 11 cases of microfilarial gi’anuloma of the spleen with 
marked eosinophilia in the gi-anulomas. In a sulDsequent paper, Dha\'agude- 
described 12 additional cases of these gi-anulomas. Van der Sar and Hartz**- *- 
found microfilariae (probabh* Microfilaria hancrofli) in eosinophilic infiltrates 
and abscesses in the axillary h*mph nodes in cases of tropical eosinophilia. The}^ 
e.xpressed the opinion that microfilariae are among the causative agents of tropi- 
cal eosinophilia. 

These reports show that the microfilariae are not as harmless as foimerh’’ 
supposed and, in -view of the increasing interest in the lesions provoked by these 
parasites, it seems proper to report a case in which microfilarial gi-anulomas were 
found in the breast as a complication of elephantiasis of the breast. As far as 
Ave can ascertain, this is the first such case reported in the literature. 

REPORT OF C.VSE 

Clinical Data 

A colored woman, 29 years old, had complained for a few daj's before her admission of 
pain in the left breast. She had not observ'ed aD 3 ' discharge from the nipple. Her left 
breast had alwaj's been a little larger than the right. The patient had two children, 5 and 
6 j'ears old, Avhom she had nursed herself. Menstruation had been somewhat irregular. 
Examination showed an obese woman with enormous breasts, the left breast being a little 
larger than the right. There Avas some retraction of the left nipple, whereas the right nipple 
was normal. The subareolar tissue of the left breast was firmer; this firmer area could not 
be well delimited. The OA'erlj'ing skin could not be moved or lifted. There Avas some in- 
dication of “orange peel” skin. Surgical exploration Avas done and a moderate amount of 
whitish, serous tissue A\-as removed. It AA-as obser\'ed during operation that the ducts were 
distended and contained puttA'-like material. A blood count, performed three AA'eeks after 
operation, showed the presence of G per cent eosinophilic leukoc^'tes. In blood taken at 
night, microfilariae were found. 


* Receh'ed for publication, Jul}* 10, 1947. 
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Microscopic Examinalion 

The breast tissue showed numerous lobules Mng in dense connective tissue, 
containing few cells. Tn many places the connective tissue was edematous. 
The acini were distended and filled with an acidophilic, homogenous substance. 
2 ^Iany small ducts showed irregular proliferation of the epithelium; other ductuli 
were distended by inspi-ssated material. There was also marked dilatation of the 
larger ducts which contained either colloid-like material or a more granular sub- 
stance with rounded vacuoles, desquamated epithelium and vacuolated histio- 
cytes. There were a few cj'sts and tubules with so-called pale epithelium. 
Several larger ducts were surrounded b3' infiltrates composed niainlj’' of l3Tnpho- 
cc'tes and plasma cells. The hmiph vessels were markedl3’' distended and very 
conspicuous. The3' often contained a pale-staining, homogenous substance or 
small groups of l3Tnphoc3i;es. In other hTOph vessels there wei’e smaller or 
larger accumulations of closeh' packed histioc3Tes with an admixture of l3nnpho- 
C3'tes, which sometimes filled a large part of the lumen. In the connective tissue 
sometimes closel3' adjacent to a l3Tnph vessel, there were small nodules composed 
of histioc3'tes and a few hmrphocytes. They each contained a t3"pical micro- 
filaria. There was no fibrosis of these nodules. No eosinophilic leukoc3Tes 
were found in the connective tissue or in the blood vessels. A few small blood ves- 
sels were surrounded by sheaths of l3Tnphoc3des; otherwise the3' did not show- 
pathologic changes. There was relativel3’’ little fatty tissue; the small lobules 
of adipose tissue were separated b3' dense fibrous septa and there was more 
connective tissue than usual in the lobules. 

DISCUSSIO.N" 

Tiie ehangc.s of the acini and ducts together with the presence of small C3’'sts 
and tubules with the so-called pale epithelium are t3'pical of beginning adenosis. 
It i.s not so eas3', however, to find an explanation for the enormous enlargement 
of the l:iroasts, especiall3' since the patient did not remember when she fii'st 
noticed the enlargement. Therefore, the presence of a pre\iousl3'' e.xisting 
\irginal or postlactational h3'pertrophy cannot be excluded. Our case, how- 
ei’cr, pre.scnts features whicli are not found in the usual t3qDes of mammaiy 
In-pcrtroplu','' ® c.g., the edema, the marked dilatation of the l3Tnph vessels 
and the granulomatous endob-mphangitis. These changes are t3^pical of fil- 
ariasis,^ especially when accompanied b3’- l3Tnphatic obstruction. As the pa- 
tient was proved to Ire suffering from filariasis, we think the conclusion is war- 
ranted that there was filarial elephantiasis of the breast, perhaps superimposed 
on some t3'pe of mammaiy Inqrertropln^. 

In some cases of mammaiy h3-pertroph3', the breasts ma3’' attain an enoimous 
size- '•* and such h3'pertroph3' may have been present in cases which have been 

X 3‘’0 ^ ^’’■^'uhomatous endolymiihangitis. There is edema of the connective tissue. 

o’ lying in a small granuloma. X 1400. 

X im' '’‘"I’’' vessels containing colloid-like material and a few lymphocytes. 
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labeled elephantiasis of the breast, especially since this affection is rare. Tliis, 
ho^^■e^'er, can only be decided by histologic examination, which, in cases of ele- 
phantiasis, should show the presence of edema, increase of the connective tissue 
and especially dilatation of the hmiph vessels. The eventual finding of gran- 
ulomatous endohmiphangitis, as in our case, will facilitate establishment of a 
diaimosis. In tropical countries, where elephantiasis of the breast is most 
likely to occur, it maj' be difficult to obtain permission for removal of tissue for 
biopsy, so that in most cases a final decision cannot be reached. 

Tlie microfilariae that had in some way lodged in the stroma of the breast, 
had provoked the formation of small granulomas. Although fibrotic changes 
in the granulomas were completely absent, there were no eosinophilic leukoc 3 'tes. 
This is in marked contrast with the cases of Dhayagude and Amin,^ of Bonne^ 
and of van der Sar and Hartz.'- The fact that in these cases of microfilarial 
granuloma there existed a pronounced or even severe eosinophilia points to the 
role of some kind of hypersensithdty in provoking tliese reactions. Such 
differences in the reactivity of the host are also found in other helminthic in- 
fections.'' 


SUJnURY 

Alicroscopic examination of tissue removed from one of the enormously 
enlarged in-easts of a 29 year old woman showed besides beginning adenosis the 
presence of edema, fibrosis, conspicuous dilatation of the Ijunph vessels and 
granulomatous endoljTnphangitis. In the cojmective tissue there were several 
small granulomas, each containing microfilariae but shoving no tissue eosin- 
ophilia. Examination of the blood showed the presence of microfilariae. A 
diagnosis of elephantiasis of the breast, perhaps supeiimposed on some fonn of 
mammarj' hj-pertrophj' was made. No other instance of microfilarial granu- 
lomas of the breast was found in the literature. 
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LEIOIMYOSAECO^IA OF THE AAIPULLA OF YATEPc ASSOCIATED 
YTTH A TUIMOR OF THE EIGHTH XER^T: AND XEUROGEXIC 
PERFORATIOX OF THE DUODEXEXI. 

Pv-EPORT OF A Case axd RE^^E■w of the Literature* 

GEORGE A. XITSHE, Jr., M.D.j axd H. IM. SUCIELE, M.D. 

From the Departments of Pathology and Internal Medicine and Neurological Surgery 
of the University of Wisconsin Medical School and the State of Wisconsin 
General Hospital, Madison, Wisconsin 

Leiomj'osarcoma of the ampulla of Yater has heretofore been unreported. 
The infrequent occurrence of mesoblastic tumors of the duodenum is evident 
from a reidew of the literature. Shepherd^’ and Duval," in 1908, presented a 
case of melanosarcoma of the common bile duct and the ampulla of Yater. 
AIoll,“ in 192.5, found a round cell sarcoma obstmcting the duodenal biliar}' 
orifice causing acute pancreatitis. Of 66 cases of neurogenic sarcoma collected 
from the literature by Steivart and Copeland,^® to which 64 eases from the 
IMemorial Hospital of Xew York City were added, none was of the gastro- 
intestinal tract. Alimiey^' and Raiford*® rei-iewed sarcomas of the small in- 
testine and attested to their rarity. Foshee and iMcBride,® in 1939, added 
1 ease of leiomyosarcoma of the duodenum to the 5 cases assembled from the 
prenous literature. The extreme rarity of this tumor and its association with 
an eighth nen'e tumor has prompted the recording of this case. Of added 
interest in this case was its termination with perforation of the duodenum. 

Leiomyomas of the small intestine are not uncommon and may be either 
.single or multiple. The intestinal leiomj-omas are usually asj'mptomatic and 
are found at postmortem examination b}" chance; features which indicate their 
preponderantly benign behavior. 

A reriew of the literature i-ielded. 6 cases of leiomyosarcoma of the duo- 
denum varring in size from that of a “small tumor” to one the size of a ‘"baby’s 
head”. In each of these cases the patient came to operation or postmortem 
examination because of the functional derangement directly caused by the 
tumor of the duodenum, whereas the tiunor foiming the basis for this report 
was an incidental finding. 

The development of inte.stinal perforations with tumoi-s of the eighth neiwe 
has been infrequent. Cushing’s^ monograph on Tumors of the Nennts Acusliciis 
describes no accompanring gastro-intestinal perforations. Hon-ax and Poppen’^ 
reported five deaths in 35 cases of acoustic neuroma and Dandy^ noted 5 deaths 
in 46 cases without gastro-intestinal perforation or erosion. 

Xeurogenic perforation secondaiy to intracranial tumoi'S as discussed by 
Cushing- and Alasten and Bunts'” has usually been associated with tumors of 

* Received for publication, .Tune 19, 1947. 

fPresent address: Department of Medicine, The Hahnemann jMedical College and 
Hospital, Pliiladelphia, Penns\’lvania. 
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the cerebellum rather than wth those of the cerebellopontine angle. Sheehan, « 
in revien-iiig the expeiiinental work of Watts and Fulton, ' Ho 
and Keller^- •• concluded that hj'pothalamic lesions, particularly in the tuberal 
i-egion, caused from 27.6 to -11.2 per cent of gastro-intestinal lesions while cere- 
bral lesions e.xclusive of the hiTiothalamus caused from 2 to 4 per cent. 

The background of neurogenic ulcenations and perforations of the upper 
gastro-inte.stinal tract has no specific pathologic entity, but has consisted of a 
variety of Ie.sions which fall into two general groups; expanding lesions of the 
posterior fo.ssa with pro.xiniitj’' to the fiber tracts of the brain stem, and general- 
ized intracerebral disease as in hypertensive encephalopathy, encephalitis or 
cerebral edema resulting in damage to the diencephalon. 

There is no known relationship between leiom.yosarcoma of the gastro-intesti- 
nal tract and tumors of the eighth nerve. 


report of case 


Clinical Data 


Present illness. A white woman, 04 yc.ars of age, entered the Wisconsin General Hospital, 
on Felmnary 4, 1940, wifli a cidcf complaint of gagging and retching which occurred in the 
morning and which was unrelated to intake of food. This had appeared in the si.x months 
prior to admission and was accompanied by numbness about the left angle of the mouth, 
alaxia and diplopia. In the previous four years she had had tinnitus and deafness on the 
left side. 

Physical craminntion. The patient was poorly nourished. Funduscopic examination 
indicated only arteriosclerotic changes. There was slight cardiac enlargement to percus- 
sion and the blood prc.ssuro was 160/ 105. An apical sj’stolic murmur was present in the re- 
cumbent position. No abnormal abdominal mass was palpated, nor was tenderness elicited. 
Xcurologic ox.amination revealed the following: loss of left corneal reflex, partial atrophy 
of the left temporal and masseter muscles, slight weakness of the left orbicularis oculi 
muscle, shallowness of loft na.solabial fold, absence of hearing on the left, nystagmus on 
gaze to the left, bihatcral absence of gag reflex, as)mergy on the left (finger to nose test), 
ataxia on jilacing left heel to right knee, bilateral pendular knee jerks; examination of the 
plantar reflexes was equivocal ; the gait was ataxic with fall toward the left, and Romberg’s 
sign was present. 


lAiboratory findings. The urinalysis, blood count, blood sugar, nonprotein nitrogen, 
prothrombin time, icterus index .and van den Bergh reaction were all within normal limits. 
Test of gasWie .acidity revealed no free acid and .37 degrees of total acid. Blood Wasser- 
m.ann reaction was negative. Roentgen examination of the upper g.astrO'intestinal tract 
gar e no c-\idencc of ajiy lesion and views of the cervical spine revealed considerable osteo- 
arthritis. X-ray flim.s of the .skull showed definite enlargement of the left internal auditory 
incatus. ^ eclrocardiogram was within normal limits. Examination of the cerebrospinal 
uu ( emonstr.^ed normal pre.ssure, 450 mg. per cent protein, negative Wassermann reac- 
tion, po-sitti.^ Ross-Jones and Noguchi determinations .and gold sol curve 0012332100. 

our^c. n -e iruarj 11, a left suboccipitai craniectomy was performed with an intr.a- 
capai ar rcmo'va o an acoustic neuroma. The following day the patient had regained 
Vf 'i'' " ^ peripheral facial palsy, but water was swallowed without 

r , ' ' 1 , ” ^ rite patient responded less actively and lumbar 

puncture showed an initial pressure of 260 mm. of water. The cutaneous stitches were 


ntej-. ’ rile duodenal ulcer with perforation and tumor of the ampulla of 

Fin. 2. Photomicrograph of the leiomyosarcoma of the ampulla of Vater. X 60. 
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removed on the ninth day following surgery and at that tunc the initial pressure on lumbar 
puncture was 125 mm. of water. Later that same day a tarry stool was passed, but there 
w;is no vomiting, abdominal discomfort or abnormal abdominal physical findings. In the 
last four days of life, there was complete lack of responsiveness, generalized circulatory 
collap.se iiartlv checked by administration of blood transfusions and parenteral fluids and 
ocinlsional apnea but no evidence of gastrodntestinal hemorrhage, peritonitis, or increased 
intracranial prc.=sure. Death occurred on February 2L . , . 

Pathologic report. The. sections of the surgical specimen showed a well vascularized tis- 
sue of different densities composed of interlacing slightly whorled bundles of long, narrow, 
spindle-shaped cells with some palisading of nuclei typical of an acoustic neurinoma. 


Macroscopic Postmorlciti Fitidings 

Autojisy was performed ten hours after death. The operative wound in the left suboccip- 
ital region and the underlying dura was well healed. The brain weighed 1320 gm. and was 
without evidence of flattening of the cerebral gyri. Tentorial and cerebellar pressure 
cones were absent. In the left cerebellopontine angle was a dark red homogeneous encap- 
sulated mtiss 3 cm. in diameter which, on gross section, appeared to be composed largely 
of clotted blood; the peripheral portion was lighter in color and gave the impression of a 
capsule. Saggit al sections of the brain stem and medulla revealed no hemorrhages or areas 
of softening. A distortion of the left side of the floor of the fourth ventricle conformed 
to the overlying hemorrhagic mass. There was no evidence of compression of the aqueduct 
or ventricular dilatation. When the slightlj- distended abdominal caidty was opened, the 
granular and engorged peritoneum was found bathed with about 1000 cc. of dark yellow- 
brown, foul -smelling liquid; the omentum was firmly matted in the upper abdomen. On the 
anterior aspect of the first portion of the duodenum a round ragged perforation 2 cm, in 
diameter with necrotic margins was found. The duodenal contents had eroded through the 
overlying adherent omentum and had escaped into the peritoneal cavity. 

The mucosa of the ampulla of Yater was elevated in its upper part by an eccentrically 
placed globular mass 1.5 cm. in diameter projecting 1 cm. into the lumen of the duodenum, 
ft was very soft in consistency and the overlying adherent mucosa bled easily on light touch. 
The cut surface of the mass was meaty and red. The bile ducts were patent. No other 
tumor.s were found and the remainder of the autopsy gave no relevant findings. 


Microscopic Findings 

T}ie dark red homogeneous mass in the left cerebellopontine angle consisted 
of a peripheral ring of fibroblastic cells with considerable intercellular collagen; 
the elongated cells streamed in occasional rvliorl formation and there was a 
tendenct toward nuclear palisading. At one jDoint, the capsular attachment 
to the leptomeninges w as identified but there was no meningeal invasion. The 
center of the tumor mass was made up largely of blood. 

The edge of tlie perforated duodenal ulcer showed a fairlj’’ extensive fibimo- 
purulent exudate containing many pohmioiphonuclear leukocytes on the serosal 
surface, witli some early fibroblastic reaction in the subserosa. The mucosal 
surface contained some hmphocytes and was locally ulcerated, necrotic and 
bile-stained. On the internal surface of the duodenum the margin of the ulcer 
began J-atfier abiuptly; the base had a superficial layer of fibrinopumlent exu- 
c a e, a u ujei of hyaline necrosis and a deeper layer of granulation tissue, 
.Many small ve.ssels in the area contained thrombi. 


Fici. .3. Photomicrograph of neoplasm. X 160. 
i'lG. 1 hotomicrograph of neoplasm. X 550. 
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Sections of the mass at the ampulla of Vater were stained wth hematoxj’^lin 
and cosin and with iMallovy’s phosphotimgstic acid. The mass was situated 
between the muscle lavei'S of the duodenum and consisted of spindle-shaped 
cells arranged in irregular bundles udth occasional aaIioiI foimation (Fig. 2). 
The nuclei were very irregular in size, shape and staining reaction (Figs. 3 and 
4) and occasionally suggested palisades. No mitotic figures were identified. 
Irregularly shaped nonstaining retractile bodies and groups of Ijunphocytes 
wore scattered throughout the tumor tissue. The small vessels in several 
areas were occluded with thrombi of various ages. A poorly fonned capsule 
was present with neoplastic cells invading the surrounding tissue in many places. 

COMMENT 

The majority of tumor-s of the ampulla of Vater are adenocarcinomas arising 
from the duct mucosa . In riew of the abundant muscular layers of the duodenal 
wall it is surprising that tumors originating from muscle have not been more 
frequent. In this case, the tumor was presumably asjTuptomatic, but with the 
beginning sarcomatous changes it became a potential hazard to the patency of 
the biliary system as in the case of Moll.^^ 

Becavise of the local infiltration and the irregularity in size, shape and staining 
quality of the cells we have placed it in the malignant group uith some reseiwa- 
tion. The characteristic architecture of leiomyoma in some parts of the tumor 
would seem to indicate that it was originally a benign tumor. Tins, of course, 
cannot be proved. A diagnosis of neurinoma was considered, principally be- 
cause of the associated acoustic neurinoma but was ruled out. Representative 
slides of the ampullary mass were studied by four well known pathologists, all 
of whom concurred in the diagnosis of leiomyosarcoma. 

The occurrence of the perforated duodenal ulcer has given rise to interesting 
speculation concerning its pathogenesis. The Iristologic picture was char- 
acterized by Ijnnphocj'tic infiltration of the mucosal surface and the ulcer 
margin revealed three layers: a superficial fibrinopurulent exudate, himline 
necrosis and a deeper laj'er of granulation tissue. The negative barium con- 
trast study of the duodenum and the noncontributory history suggested the 
ulcer to be of recent origin. The well known difficulty of demonstrating an- 
toj’ior ulcerations of the duodenum by x-ray, however, prevented an accurate 
estimation of the age of the process. The association of the acoustic neuroma 
in this case may have been coincidental but it has been noted clinically that 
tumors of the posterior fossa have been more frequently associated with neu- 
] ogenic gasti'o-intestinal perforations than expanding lesions elsewhere. As 
the eighth nerve tumor did not cause internal hydrocephalus and secondary 
dicnce])halic pressure and damage, the effect may have been produced by 
stimulation of the fiber tracts in the brain stem or the adjacent vagus neiwe 
cither by direct pressure or more likely by edema of the brain stem which stim- 
ulated the vagal nuclei. 

SUMMAUY 

A case is presented of leiomyosarcoma of the ampulla of Vater associated 
W7th a tumor of the eighth ner^'c and neurogenic perforation of the duodenum. 
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EDITORLVLS 

OsTAixncG PERiassiox FOR Autopsy 

In spite of the generally recognized value of autopsies in the advancement of 
medical science, pathologists often find resistance on the part of families and 
funeral directors in obtaining consent for autops3’'. Sometimes refusal spiings 
from misunderstanding or misinformation, sometimes from previous embar- 
rassing or unpleasant experiences of the familJ^ ^Yherever a foundation of 
mutual understanding and reasonable cooperation has been established between 
pathologists and funeral directors, the situation in respect to gaining consent 
for autopsies has been considerabh' improved. 

The pathologist has certain interests and requirements that he desires to ful- 
fill. To secure the utmost scientific benefit from eacli death, he ivishes to 
ascertain all facts concerned with that death. This is an obligation to the family 
of the deceased, to future patients and to societ}'. The data obtained at autopsj’’ 
provide reliable recorded information concerning the causes of death and the 
nature of the various disease processes; confirm or amend the opinions formed bj’" 
physicians during the life of the patient, so that they may serv'e other patients 
vith greater confidence and skill; reveal to physicians continually the physical 
changes in the interior of the body which are associated with disordered behaador 
during life; advance human knowledge concerning the nature of disease in general 
and exorcise a constant influence to improve hospital seiunces and to correct 
existing deficiencies in medical care. 

The funeral director has certain interests and requirements that he desires 
to fulfill. He must meet legal requirements. He must care for the bodj' and 
render his services in a manner that will be entirely satisfactory and comforting 
to the farail}'. He must be governed by traditional folk ways and religious 
customs. Practicalh' e\'ery funeral director recognizes the value and importance 
of autopsies. YTiatoA^er objections he may have to them are usuallj'’ founded 
upon those practices which prevent him from meeting his obligations or which 
cause him uhnccessaiy hardship or embarrassment. Generally speaking, 
funeral directors Avho are most cooperative with pathologists are those Avho enjoy 
good standing in their profe,ssion. 

Tlie interval of time between death and performance of autops}^ is important 
to the pathologist as postmortem changes within the body affect the gross and 
microscopic appearance of tissues. The longer the lapse of time between death 
and embalming, the more difficulties and handicaps the funeral director must 
overcome. Since the proper appearance of each body is important to the funeral 
director in the maintenance of his professional status, the time element should 
be gi\en e\ery consideration Iw* the pathologist. Any delaj’' in preparing the 
bod\ for vicAA ing by the family and friends only adds to the emotional strain and 
maj place the frtneral director in an unneccesarily embarrassing position. In 
addition, there is a schedule of operation Avhich must be maintained in each 
funeral home. The funeral director makes arrangements with the family for 
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the funeral progi-am according to ad\dce from the pathologist or hospital as to 
when the body will be available. Anj- delay will force changes in this program, 
which are difficidt to make and, which ma}* cause the famil3' to question its 
judgment in granting permission for autops3^ 

Permission for an autopsj* should be requested at the earliest possible moment. 
The familj^ should be given a proper explanation of the reasons for the per- 
formance of an autopsy. The signed aiitopsj^ permit should state the extent of 
the autops}^ and whether anj* organs are to be retained for studj^; these profusions 
protect both the pathologist and the funeral director. Under no circumstances 
should a familj" be coerced into signing a permit and it is improper to threaten 
to call in the coroner or medical examiner in order to secure a signature. 

In respect to the actual autopsj* operation there are certain requisites of the 
funeral director to which the pathologist should give considerate attention. 
Kurses and hospital attendants should be given instructions to keep the head 
and shoulders of the bod}^ elevated at all times to prevent postmortem staining 
of the face and neck and to refrain from t\ing a bandage or towel around the head 
in order to avoid marks or unn atural wrinkles in the skin. 

It is ob\’ious that incisions should be made which Avill not be ^^sible to the 
famil3’' afteru'ard. The mental anguish caused families when the incisions and 
sutures cannot be masked b3* the funeral director is responsible for some of the 
resistance to autopsies. TiThen the brain is to be examined, an angular cut .should 
be made in the calvarium to prevent it from shpping and also to assist in making 
the cut less ob\dous. Pathologists should also thoroughl3' understand that the 
funeral director depends upon the circulatoiy S 3 *stem for the distribution of 
presen’-ative solutions. Therefore an3* undue disruption of that S3'stem, or the 
careless cutting of main arteries and veins, greath^ complicates and handicaps 
the embalming operation. The severed branches of the arch of the aorta, the 
iliac arteries, as well as the vertebral and internal carotid arteries, should be as 
long as possible, tightU ligated and left attached, each to a long string. In any 
e.xamination of the neck, care should be e.xercised to protect the external carotid 
arteries since the3- cam' the preseix'ative solutions to the face. TMien the 
spinal cord is to be examined, it should be approached from the anterior aspect. 
This will eliminate the nece.ssit3' of turning the bod3' face down and thus wiU 
prevent disfigurement and h3'postatic staining of the face. The pathologist 
who ignores these factors helps to build resistance to autopsies. The pathologist 
who takes the above factors into consideration vill generally be the pathologist 
who practices a careful technic in the performance of his autopsies. 

A completed death certificate must be filed for each death. This is the re- 
sponsibiiit3' of the funeral director who, in return, secures a burial or transit 
permit which is essential to his program of procedure. Hospital staffs would 
render valuable assistance if all information required on the death certificate 
were secured at the time the patient entered the hospital. This information 
plus that required of the attending ph3'sician should be prompth' available for 
the funeral director when he calls at the hospital for the bod3'. The funeral 
director, or his agent, should present to the hospital acceptable e^idence that 
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he has been authorized by the family to take charge of the body. Hospital 
cmplovees slioxilcl not give information to unautlioi'ized persons in regard to 
patients critical!}' ill or those who have died in the hospital. Emploj’^ees guilt}'’ 
of infractions of this rule should be subject to discipline. 

Any reasonable analysis of the problems connected with obtaining permission 
for autopsv will indicate that. M'ith mutual undei standing betueen funeral 
directors and pathologists, progress can be made in the right direction. This 
understanding and the resultant cooperation can be best piomoted and de- 
veloped at the local level through conferences between leaders of both groups. 

Chicago S. A. Levixsox* 

Mayxard C. Weller* 

Shortage of Registered :Medical Techxologists 

At no time has the shortage of qualified medical laboratory workers been 
felt as acutely as at present. ]^Iany factors have operated to produce this 
shortage; chief of these is probably the decrease in training of medical tech- 
nologists during the war. It is to the credit of the pathologists of the United 
States and Canada that they undertook the training of those workers who 
were available, but there appears to have been a deficit of approximately fifty 
per cent in the minimum number of trainees needed for positions as Registered 
iMedical Technologists. 

The shortage of adequately trained technologists has had far-reaching effects, 
one of wliich has been the rapid and marked increase in the salarj' of medical 
technologists and, another, the widespread emplojunent of nonregistered labora- 
tory workers. Partly as a consequence of the ready emploA'abilitj' of almost 
any t}'pe of laboratory worker, and partly because of the availability of funds 
through the G. I. Bill of Rights, commercial schools have had a great stimulus 
and are turning out large numbers of “graduates” with grossly incomplete 
“training” and with practically no actual technical experience. The full effect 
of the encroachment of these incompetent workers in the field of medical tech- 
nolog}- has not yet been felt. It is imperative that the training of medical 
laboratory technicians by acceptable standards must be increased to the 
level at which at least a major part of the demand for Registered Medical 
Technologists will be satisfied. This is a responsibility which must be met by 
the approved schools of medical technology. 

The chief obstacle to the training of adequate numbers of student technologists 
is that in many parts of the country there are not enough applicants to fill the 
classes. On the other hand, some approved schools report a plethora of ap- 
plicants. In an effort to establish a more equitable distribution of these pro- 
spective students, the Registry of Medical Technologists has undertaken to act 
as a clearing house. All schools which have e.xtra applicants are urged to refer 

* Dr. Levinson is pntliologist and director of the hospital laboratorv of the Research and 
Ldueational Ilo.spital.s. University of Illinois rollegc of .Medicine, Chicago, Illinois. Mr 
tteller i.s executive secretary of tlie .Xational Funeral Directors .Association, 111 West 
Washington Street, Chirago, ininoi.s. 
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them to the Registiy immediately, so that the Registn' may in turn direct them 
to schools which have vacancies. If all pathologists vill cooperate in this 
endeavor, there should be a considerable increase in the enrollment of student 
technologists- 

Furthermore, all other methods of increasing interest in medical technology' 
as a vocation should be adopted. Both pathologists and representative Regis- 
tered ^ledical Technolo^sts should take every pos.sible opportunity to speak to 
groups of high school students and urge them to consider this important field in 
choosing their college course. College students who have been interested in 
science and who have the necessary credits should be mged to apply now for 
training in approved schools. The Registry' of Medical Techologists will be 
glad to send material to any'one intere.sted in preparing talks to selected groups, 
or radio talks whicli can be used over local stations. Xo opportunity' should be 
overlooked to do every'thing possible to satisfy the demand for qualified medical 
technologists at the veiy earliest time. 

Mnncie, Indiana Lall G. ]Moa'tgomery 
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Prcmit SlaluF of the Prohlm of Amebiasis. Emvix C. Albright and Edgar S. Gordox. 

Arr.h. Int. M«t., 79: 253-271, 19-17. j r • u 

llrisinR their opinion on more than three years' experience with the armed forces in the 
Pacific tlieatcr, the authors of this excellent paper believe that, while most of the personnel 
infected with malaria and filariasis were brought under medical care, most of those affected 
with amebiasis were not. Thus the returning troops, added to the already considerable 
percentage of infected persons in this country, increased the gravity of an already serious 
problem. 

The epidemiology and morbid anatomy of amebiasis are reviewed followed by a discus- 
sion of the carrier state. The authors prefer to use the term asymptomatic passer of cysts, 
since thev believe that "carrier” is misleading, as it connotes absence of lesions, and they 
believe that whenever cysts are present in the stools, there is definite disease qualitatively 
identical with amebic dysentery, and that the difference is only quantitative. 

.\mong the diagnostic procedures, proctoscopic examinations are stressed. If micro- 
scopic examinations of material removed in this way fail to reveal the organism, at least 
three naturallj' passed stools and one following a saline purgative should be examined be- 
fore giving a negative report. 

We are reminded of the fact that emetine acts only on the amebac in the tissues and that 
for complete eradication of the cysts from the bowel one must resort to one of the enteric 
drugs sucli as chiniofon, diodoquin, vioform, or carbarsone. A rigid schedule is outlined 
for the patient receiving emetine becau.se of its toxic effect on heart and voluntary muscle. 

The use of the sulfonamides and penicillin, as described by Hargreaves, is recommended 
as preparatory medication in the use of amebicidal drugs in order to combat the secondary 
bacterial invaders which often complicate enteric infections. 

liochcsler, Xcie York W. S. Thomas 

Dysentenj. A Progress Report for the Years 1942 to 1940. A. J. Weil. J. Immunol., 55: 

3G.3-405, 1947. 

This is the second article of the series of reports on bacillary dysentery published by 
Weil. The paper contains a summary of 317 articles, critically revieived. 

First f he nomenclature of Shigella is discussed, with special regard to recent publications 
by Stuart, Wheeler ct al. and by Weil. The term “shigellosis” is much favored. Attention 
is called to the biochemical differentiation of Shigella strains but the occurrence of aberrant 
reactions is emphasized. The importance of serologic typing is brought out and the diffi- 
culties due to phase variation, labile antigens, intergrading forms and cross relations are 
discus.sod. The types of Shigella arc fully listed, with many references to their geography. 
Wei! feels that Sh. alkalcsccns is pathogenic, while the abilit}' of Sh. dispar to produce dis- 
ease has not been proved as yet. Slide agglutination is considered superior to other meth- 
ods of Shigella typing. Much attention is paid to the Shigella toxin. The somatic antigen 
acts as an aggressin and inhibitor of opsonin. The Shiga exotoxin has an adrenalin-like 
effect. Immunization against shigellosis is difficult, because of the groat variety of strains. 
The unreliability of agglutination tests using the serums of patients is discussed. The 
dangers in the sulfonamide treatment of shigellosis arc emphasized. Dietary manageir ent 
and simple therapeusis, as with pectin, for example, is recommended whenever possible. 
Sulfadiazine is very effective. The author believes that it is not possible to make a defini- 
tive .statenicnt on the clinical efficacy of streptomycin in shigellosis at this moment. 

The paper is an e.xccllcnt, comprehensive review, presented with much constructive 
criticism. 

Chicago 
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Oscar Felsexfeld 
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Platelet Fragility in Man. Lewis R. Dat. Proc. Soc. Exper. Biol, and Med., 64: 109-111, 

1947. 

Investigations on the fragility of platelets in normal and hemophiliac males were under- 
taken, utilizing a method similar to the study of the hemoh'sis of red blood cells in varjdng 
hypotonic solutions of saline. The author demonstrated that solutions containing platelets 
exposed to hjiiotonic saline more rapidly clotted citrated blood when recalcified than did 
platelets in isotonic saline. He further showed that the more hypotonic the saline used, 
the more rapid was the coagulation. In addition, the longer the platelets were e.xposed to 
the hypotonic solution, the more rapid was the coagulation of the blood after recalcification. 
TMien these methods were applied to blood from a known hemophiliac male, the clotting 
time was shortened when the platelets from the patient were h-sed with hx'potonic solution. 
The author suggests that the abnormalitj' in the blood clotting mechanism in hemophilia is 
due to some inherent change in the platelets, rather than to a deficiency in the plasma. He 
does not, however, discuss the mechanism of reduction to normal of coagulation time in 
hemophiliac patients who have received injections of fraction I of the plasma globu ins. 

BrooJdyn, New York Leo M. IMetek 

Thiouracil in the Treatment of Leukemia. O. C. Haxsen'-Peuss. Proc. Soc. Exper. Biol, 

and Med., 64: 496-500, 1947. 

The author reports his observ^ations in leukemic patients haxdng the following clinical 
features of fixTierthyroidism : increased metabolic rate, tachycardia and decreased blood 
cholesterol. He found an inverse ratio in the severity of the disease to blood cholesterol 
levels; that is, the values for the latter dropped rapidly as the number of myeloblasts in- 
creased. As remissions occurred following x-ray treatment, the serum cholesterol values 
rose above 150 mg. per cent. Since thiouracil had proved so efficacious in controlling simple 
cases of hyperthyroidism the author treated 6 patients with chronic mj-eloid leukemia and 
1 with acute myeloblastic leukemia with varying doses of the drug for periods up to ten 
months. In summary, there were no changes in the metabolic rate, blood 'picture or bone mar- 
row. In 5 of the patients the serum cholesterol was not raised, while in the remaining 2 
there was only a slight transitor 3 ' increase. In no case was the clinical course altered. 
Similar negative results in the treatment of 4 cases of chronic mj'eloid leukemia, 1 of acute 
m 3 'eloblastic leukemia and 1 of chronic l 3 Tnphoid leukemia were reported b 3 ’ Limarzi, 
Kulasavage and Pirani (Blood, 1: 426-445, 1946). 

Leo M. Meter 

The Use of Folic Acid in Sprue. R. M. Su.arez, T. D. Spies and R. M. Se.arez, .Jr. Ann. 

Int. Med., 26: 643-667, 1947. 

The authors report their ex'periences with the use of folic acid in 50 patients with sprue. 
TwentA'-two were in the acute phase of the disease, while the remaining 28 were in remission 
and were transferred from parenteral liver therap 3 ' to oral folic acid. The patients selected 
fulfilled all the criteria for the diagnosis of sprue and were criticalh' examined for extraneous 
disorders. Five to 500 mg. of folic acid was given in order to determine the optimal thera- 
peutic dose. ^ran 3 ' of the patients were maintained on a basic sprue diet in order to test 
thoroughl 3 " the efficac 3 ' of the drug. The clinical response in all the acute cases was dra- 
matic. Within three or four da 3 's the appetite increased, diarrhea and gaseous distension 
became less marked, the tongue was less .sore and the patient voluntarih' stated that he 
felt better. Peticulocytosis always occurred (in one patient it was 51.8 per cent), and the 
hetnoglobin and red blood cell values gradually increased. The best clinical and hematologic 
results were obtained in patients who were changed from the “preliminar 3 ' sprue diet” to a 
full diet, and in those who were started immediateh* on the full diet and given folic acid in 
doses of from 5 to 20 mg. per da 3 '. In the group of 2.S patients pre\'iousl 3 ’ treated parenter- 
alh' with liA'er or oralh- with brewer’s 3 'east in whom treatment was changed to oral admin- 
istration of folic acid, 19 experienced some subjective and hematologic improvement, while 
the condition in the remaining 9 was unchanged. The authors conclude that the daih' oral 
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ndniiiii'^tn'itioii of 10 n;K. of folic acid in conjunction with an adequate diet high in protein 
and low in carbohydrate and fat will probably produce the best clinical and hematologic 
results in tl'.e treatment of sprue. 

Leo aI. Meyer 

The Trcidrncnl of Li/mphohlaslic Lcnhcmia irith Crude Myclolxnlric Acid. F. R. Miller, 
P. A. IIerbet and 11. W. JoN'ES. Blood, 2: 15-39, 1947. 

The authors describe the use of exlracts made from urine or fcccs of patients with chronic 
int/ctoid Icuhcmia in the treatment of S children suffering from acute li/mphohJastic leukemia. 
There were four controls. The. treated subjects showed various degrees of clinical improve- 
ment, reduction in the size of Ij’mph nodes, liver and spleen, fall in the total leukocyte 
count and a concomitant drop in the number of lymphoblasts. Transfusions were done 
less frequently and the bone marrow showed evidence of myeloid stimulation. Of the 8 
treated patients, 7 died, mainly of intercurrent infections. In manj' instances, there was 
an insufiicient amount of extract available to make continuous treatment possible. In 
ad(!ition, the authors suggest that increasing doses rca3' be necessarj' since the individual 
patients ma\' build up a tolerance for the extract. Autopsj’ findings disclosed significant 
changes in the Ij'mph nodes, liver, spleen and bone marrow. These consisted mainly of a 
w:ishing out of the infiltrative process in these organs with decreased cellularitj' and increase 
of reticulum and fibrous tissue. The lymphocytes remaining were distorted and pyknotic. 
This reviewer has had the opportunitj' to studj* these slides and is most favorablj' impressed 
with the changes described. 

Leo M. Meyer 


Chanrics in State of Hemoghbin in Erythrocytes During Hemolysis. D. L. Rubinshteyl" and 

Z. P. B.^rixova. Biokliimij'a, 10: 243-257, 1945. 

The authors cast some doubt on the currentlj' prevailing concept that changes in the 
pnrmeabiiitj' of the erjdhrocytic membrane form the fundamental basis for hemoly’sis. 
According to their studies, the basic mechanism of hemolysis consists in the breakdown of a 
labile compound of hemoglobin and stroma, for which thej' propose the name ‘‘hemostroma- 
tin”. This compound is probably of colloidal nature, but further studies are required to 
determine its exact composition. Its breakdown constitutes an irreversible process. The 
degree of ln-{)otonicitj' plaj's an important role in the breakdown of hemostromatin, the 
greater the hj'potonicitj', the more pronounced the decrease of the relative hemoglobin 
content of hemostromatin; converse! jq if the stroma is not markedlj' damaged, the smaller 
the hemoglobin content of erythrocytes, the higher the crj'throcytic resistance to hj’potonic 
.solutions. This finding ma\' clear up the apparentlj'' unexplained fact that in h 5 ’pochromic 
ancmi.'is the erj’throcj'tes usuallj' show a distinctlj' increased osmotic resistance. But even 
with maximal hypotonic solutions used (0.05 per cent sodium chloride), the stroma retained 
uj) to 1.5 or 20 per cent of the initial hemoglobin content. Hemoglobinolj'sis occurs as the 
rc.sult of partial breakdown of hemostromatin; if this breakdown reaches a certain critical 
Io\el, hemoglobinolj'sis is followed in- stromatolj'sis. These phenomena represent two 
st.igos of the same process. Thus, hemoh-sis results from breakdown of hemostromatin as 
well as from changes in the permeability of the membrane which permit the escape of lib- 
erated hemoglobin. 


This study should be confirmed by other investigations. The detection of properties 

o icmo.''tromatin maj' funiish a kej' to a better understanding of the physicochemical 
structure of erythrocytes. 


Terre Haute, Indiana 


Leox L. Blu.m 


/■im/./:oRcl/c A'noc/.Trn«ar/:spa(/io%!c (normalc und pathologische Wechsclbeziehungen 
.iise len Markparenchym, A erven-, Gefass- und Knochensystern) . lauLRoHR. Schweiz, 
mcd. uclmschr. 76: 77.3-777, 1945. 

efTects nf ^ marrow and neuro-endocrine svstem, opposite 

e(Tcct.s of stmmlatmn of the sympathetic and parasympathetic systems are ;tressed. Stim- 
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Illation ofithe sympathetic division produces a blood leukoc^dosis, acceleration of cell 
maturation, decreased volume of marrow and increased fat volume. 

Only the mature leukocj-tes get into the circulation due to their ameboid motion. This 
explains the discrepancj* between hyperplasia of the bone marrow and cellular depletion 
of the peripheral blood. The presence of immature cells in the circulating blood requires 
the assumption of extramedullarj- hematopoiesis, especially in the spleen. In the spleen, 
close communications between the pulp and the blood vessels exist and immature cells can 
easily get into the circulation. Piohr stresses the fundamental difference between aleukemic 
and leukemic mj'elosis. According to the author, the leukemic picture always indicates 
extramedullarj- hematopoiesis, whereas the aleukemic stage indicates that the pathologic 
process is still limited to the bone marrow. In infections, to.xic states and bone marrow 
metastases, the immature cells come, almost without exception, from foci of extramedullary 
hematopoiesis (spleen) and are not “irritation” forms. The author considers the “leu- 
koses” not as reactive h 3 'perplasias, but as neoplastic processes. Leukemic cells are, there- 
fore, not normal, but neoplastic. Attention is called to the necessitj' of differentiation 
between two kinds of giant cells in the bone marrow: (1) a true bone marrow giant cell, the 
megakar\'oc 3 'te, and (2) a bone giant cell, the polj'karj’ocj^te (osteoblast, osteoclast). A 
chart illustrates the pathogenesis of giant cells within the reticulo-endothelial sj'stem. 

This is an interesting review and the interpretation of the significance of immature cells 
in the peripheral blood merits consideration. 

Leox L. Blum 

Slvdies on ihe Nature of Antibodies Produced in vitro from Bacteria with Hydrogen Peroxide 

and Heal. E. C. Rosexow. .1. Immunol., 55: 219-232, 1947. 

Production of agglutinins and precipitins b\' prolonged heating of gram-positive bacteria 
in sodium chloride solution-suspensions, has been reported. Much less heat was required 
if an oxidizing agent such as hj'drogen peroxide was added to both gram-positive and gram- 
negative organisms, and agglutinins and precipitins were produced in high titer. These 
antibodies were specific but reacted more with closeh’ related organisms and their pol 3 'sac- 
charides than did the natural antibodies. The 3 ' were not bactericidal in vitro but were 
definiteh' protective in vivo. The 3 ' were stable in acid solution but their titer dropped 
rapidh' when protein was added. The 3 * had great avidit 3 ' for particulate matter and were 
not filtrable. The 3 ' were diah'zable through cellophane and distilled over on boiling. 

Agglutinins could also be produced from globulin with and without bacteria b 3 ' h 3 'drogen 
peroxide and heat. High pressure at ordinar 3 ' temperature had no effect. Dilution with 
sodium chloride solution reduced the titer proportionateh', but dilution with globulin, 
albumin or serum caused a much greater reduction in titer, while heating or conjugation 
with globulin, serum or albumin caused the titer to increase markedl 3 ’. 

It is suggested that the destruction of antigen in vivo b 3 - reticulo-endothelial cells ma 3 ' 
be due to enz 3 'niatic oxidation of antigen into diffusible antibod 3 ’ and that the diffusible 
antibod 3 ' combines with normal globulin in vivo in l 3 'mphoc 3 'tes, reticulo-endothelial cells 
and other cells and in serum to form antibod 3 — globulin. Experimentalh', minute amounts 
of bacterial antigen sufficed for production of diffusible antibod 3 ' and extremeh' small 
amounts of diffusible antibod 3 ' ma 3 ' suffice to cause normal globulin to take on the proper- 
ties of antibod 3 ’-globulin. This suggests that possibh’' most of the weight of natural anti- 
bod3'-globulin represents globulin and onh' a small fraction is antibod 3 ' from antecedent 
antigen. 

Dallas, Texas J. H. Black 

Primary Carcinoma of the Liver. Robeut M. Hoyxe and J.ames W. Kerxohax. Arch. 

Int. .\Ied., 79 : 532-534, 1947. 

The authors present 31 original cases and surve 3 ' the literature for pertinent clinical and 
pathologic features followed b 3 ' anal 3 'sis of their cases. 

In 16,303 necropsies at the Ma 3 'o Clinic, the incidence of this tumor was 0.19 per cent. 
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Tuentv were of Uie parcnchvinal rell variety; eleven were of the cliolangiomatous type. 
Their series confirmed the fact that this is a tumor of an older age^group, the average age 
for men being 5S.5 ycar.s and for women 4S.0 years. They are in agreement wth the statc- 
inetit that chronio irritation of the liver is a prominent causative feature. Of the authors’ 
case.s. 75 per cent of the hepatomas were as.^ociated with cirrhosis, but in only 18.2 per cent 
of the cliolangiomatous typo was cirrhosis present. In one case there was hemochromatosis. 
The clinical features included weakness and abdominal pain and distention as the outstand- 
ing symptoms, and progressive enlargement of the liver as the outstanding physical sign, 
ahhougli the latter was present in only onc-half of the cases. The gross appearance of the 
tumor cannot be used to distinguish between the two main varieties. Microscopically, 
however, there arc four differential features: arrangement of cells, cell type, type of stroma 
and secretion of bile. Cholangiomas tended to metastasize more widely and earlier than 
hepatomas in their experience. lA’mph nodes and lungs were the most frequent sites of 
metastasis. !Most of the patients died within a few months after the onset of symptoms. 
The only treatment is resection of the primary neoplasm before metastasis has occurred. 

Tile autlioTS do not mention hcmopcritoncum as a prominent secondary feature of the 
disca.^c. The reviewer has been impressed with the ])rcsence of this complication and its 
imijortance as a clinical diagnostic sign. 

DciroU Bert E. Stofeu 


Chringcs in Kidncyi: -in Carbon J'ctrachloride Poisoning, and Their Resemblance to Those in 

“Crush Sytulrome”. W. W. IVoous. J. Path, and Bact., 68: 767-773, 1946. 

Woods reports 3 fatal cases of carbon tetrachloride poisoning in confined ship spaces 
following dry-cleaning of clothes with PjTcne from fire-c.xtinguishers. After a group of 
men had cleaned clothes once a week for three months, three of the men fell ill and one 
died. In two other fatal cases, the patients showed signs of profound poisoning four and 
three days, respectively, after a single clothes-cleaning session. In all cases the uremic 
state preceded death. 

Glomerular alteration was largely of capsular epithelium, with albuminous debris in 
the sp.accs. Tubules, with the c.xception of the proximal convoluted tubules, suffered most, 
with ehunges indistinguishable from those described in the crush syndrome. These in- 
cluded degeneration, loss of cells, and early regeneration in the ascending parts of Henle’s 
loops and distal convoluted tubules; there were also casts from fragmented erythrocj'tes 
and cafe-au-lait pigmented casts. Two cases had tubulo-venous communications 
tDunn ct ah, Lancet, 2: .549-552, 1941). It is suggested that the shunting of blood from 
cortex to medulla causes pressure changes with rupture of veins into tubules. Such com- 
munications would be responsible for the clinical and histologic features of both carbon 
tetrachloride poisoning and llie “crush .syndrome’’. 

Fort Wayne, Indiana S. M. R.\bsok 


Heterologous Transplantation of Vro-cpithclial Tumors. Part 11. Transplantation of Blad- 
der Tumors. 'M. S. Ho^xn.\ni.ax and C. L. Demixg. Yale J. Biol, and IMed., 19: 149- 
153, 1946. 


Ilic authors transplanted two neoplasms of the human urinary bladder into the anterior 
eye chambers of guinea i)igs. One 1 umor was a papilloma which had recurred after a period 
of two and one-half years; biopsies failed to show cytologic irregularities or stromal inv'a- 
•Mon. The .‘^econd tumor was a papillary c.arcinoma with infiltration of the stroma. 

Botli lieferologous fransplanis developed into solid masses of transitional epithelium, 
cio.-ely rc.somhhng each other and the parent tumors. The authors conclude that the 
malignant mature of the simple bladder papilloma has thus been demonstrated, and they 

biologic test for establishing the nature of such neoplasms. 

Ihts report is based on the .studies of H. S. K. Greene who introduced the method of 
le ero r.ansp antation as valid criterion of malignant growth. Further contributions mav 
be expected irorn this approach in instances where morphology alone fails to give a con- 
clusive answer. “ 

Chicago „ 

Kurt Stern 
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Carcinogenic Siibstances in Hvman Tissue. I. Hieger. Cancer Rea., 6: 657-667, 1946. 

Lipoid extracts prepared from Iimg, kidney, muscle and liver of cancerous and noncan- 
cerous human subjects were fractionated and tested as to their carcinogenic potency on 
mice. Subcutaneous injections initiated development of sarcomas in S mice after fifteen 
to twenty months. With one exception, carcinogenic potency was exhibited only by the 
unsaponifiable cholesterol-rich fraction. Organs from cancerous as well as from nonean- 
cerous indi\’iduals ^fielded potent extracts. 

Correlating prerdous similar work with his own obsen'ations, the author gave considera- 
tion to the possibility that these carcinogens might be artefacts, i.e., might be formed during 
the processing of the extracts. Experiments of the author testing this possibilitj*, so far, 
have shown negative results. 

Further investigations, particularly as to the chemical nature of the potent agent, are 
being undertaken by Hieger and his collaborators. Chemical characterization of carcino- 
gens from human tissue will doubtless represent an important step forward toward the 
understanding of cancer development. 


Kurt Stern 
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Rrant Arhar.ccs in Clinical Pathology. Produced under the auspices of The European 

Association of Clinical Pathologists. General Editor, S. C. Dtke, D.AI. (0.\on), 

F.P..C.P. Section Editors; Bacteriology; R. CnuiCKSinvxK, M.D. (Aberd.) 

F.R.C.P. (i.A>nd.). Biochemistry: E. N. Allott, B.Sc., B.M., B.Ch. (Oxon), F.R.C.P. 

(f.ond.). Ilaeniatologv and Cytologa': B. E. \ id.\, ^f.E. (Rome), Histology. 

A.II.T. Robb-Smith, M. D. (Bond.).' 46S pp-, 34 plates, 19 figs. S5.o0. Philadelpliia: 

Tlic Bl.ahiston Company, 1947. 

Mariv clinical pathologists who prior to the last war were driven from various European 
coimtric.s by political developments found refuge in Great Britain where they rendered 
valmiblc smdee. Together with their British colleagues, they founded the European 
As.-nciation of Clinical Pathologists. At the meeting of the Association in July, 1944, the 
idea took shape to publish in book form a symposium on recent advances in the practice of 
clinical pathology in Great Britain. The volume was edited by S. C. Dyke, the president 
of the .Association. Pour contributions are from Czechoslovakia, one each from Itah', 
Australia and South-Africa, thirty-four from England. The book is divided into four 
sections. 

Bacteriology, edited by Cruickshank, contains chapters on laboratory diagnosis of 
enteric infections, typhus fever, sore throat, primary atypical pneumonia, pertussis, tuber- 
culosis. brucellosis, anaerobic, staphylococcic, leptospiral and venereal infections, classifi- 
cation of streptococci and laboratory control of chemotherapy. 

Biochemistry, edited by Allott, includes liver function tests, prothrombin time, gastro- 
intestinal diseases, Addison’s disease, nutritional deficiencies, sulphonamides, photo- 
electric colorimeters and micromethods of blood anah'sis. 

Hematologx' and cytology', edited by Della Vida, covers hematologic nomenclature, the 
myelogram, sedimentation rate, pernicious anemia, semen, sputum and pleural fluid. 

Histology was edited by Robb-Sinith and embraces discussion on recent developments 
in aspiration biopsy, cell counts in serial biopsies of carcinoma, biopsy of lymph nodes, 
testicles, endometrium, skin, perii)horal nerves, wet film technic in neurosurgery and clinical 
and postmortem pathology of encephalitis. In the concluding chapter modern histologic 
t echnics are reviewed . 

Two aspects of each subject have been emphasized successfully throughout the book: 
the recent and the practical. As a result the clinical pathologist in this country will find 
a condensed presentation of advances in his field. The large number of contributors has 
resulted unavoidably in unevennesses, but they are, on the whole, not too conspicuous. 

It is gratifying to see that the section on histology occupies more space (140 pages) than 
any of the others. Robb-Smith’s delightfully written foreword expresses so well recent 
(rends in clinical histop.athology that quoting him verbatim may not be out of place. He 
.speak-s of “the renaissance of morbid histology — the integration between the histologist 
■and the clinician in (he illumination of obscure corners, whether of diagnosis or prognosis, 
of di-sease . Robh-Smith’s chajitcr on the lymph node biopsy presents his own interesting 
classification of lymphatic Ie.«fons employing successfully the inductive method by analyzing 
the histologic findings .«tej) bj' step for the purjmse of making a diagnosis, as contrasted with 
the customary way of m.aking the di.agno.sis first and following it up with a description. 

Lack of space does not permit mention of further details of the many stimulating and 
informative chapters in this remarkable book. Everj* clinical pathologist will find in it a 
reliable source of valuable information. 


Chicago 


I. D.\'\un.soirN' 


Color .Allas oj Hcmaiologu. By Roy R. Kr.-icke, H.D., Dean and Professor of Clinical 
Medicine, Medic.al College of Alabama, Birmingham, Alabama. 204 pp., 32 full color 
platc.s 3 black and white plates. S5.00. Philadelphia: .1. B. Lippincott Company, 1947. 
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The author has taken much material and most of the color plates for this volume from 
Ills larger work, Diseases of the Blood. Besides 32 color plates illustrating the morphology 
of blood cells and various hematologic conditions, the manual contains a brief clinical 
description and treatment of various diseases. There is a short chapter on the definition 
of hematologic terms. In the chapter on the origin and development of blood cells, the 
author follows the pol 3 T>hyletic theoiy* of hemopoiesis which is illustrated by a color plate. 
Several chapters are devoted to the morphologj' of blood cells in normal and pathologic 
states. The clinical description of hematologic conditions includes chapters on the ane- 
mias, leukemias, hemorrhage diseases, leukopenic syndromes and miscellaneous diseases 
of the blood and blood forming organs. There is a section on conditions presenting sple- 
nomegaly and the indications for splenectomy. Although the author states that megalo- 
blasts are present in small numbers in normal bone marrow, these cells are listed (page 125) 
as having zero percentage in the table on the differential count of normal bone marrow. 
This is probabb’ a tj’pographical error. 

There are chapters on blood parasites, including malarial parasites, blood findings and 
pictures in various laboratory animals, and good descriptions of the more common hema- 
tologic technics. On page loS in the section on hematologic technic, the examples cited 
for the calculation of mean corpuscular volume and mean corpuscular hemoglobin are mis- 
leading due to tJTiographical errors in the numbers used for determining these corpuscular 
standards. The last chapter is a summary of the hematologic findings in various diseases 
and conditions and it is followed by several pages of bibliography. 

Hematologists with a keen morphologic perspective will question many of the color plates 
on the basis that they do not illustrate the delicate c 3 'tologic differences necessarj' for the 
proper identification of blood cells. Although hematologists will necessarilj* consult more 
comprehensive works on the subject, the manual contains much information in a concise 
form on manj" blood dj’serasias which should prove valuable for medical students, labora- 
tory technicians and general practitioners of medicine. 

Chicago Lons R. Limakzi 

Surgical Pathology. Ed. 6. Willi.a-m Botd, M.D., Professor of Pathologx', The Univer- 

sitj* of Toronto. 858 pp., 530 figs., 22 in color. $10.00. Philadelphia and London: 

W. B. Saimders Corapanx', 1947. 

The sixth edition of Boj'd’s >Surgical Pathology represents a rexdsion of the pre^’ious 
edition designed to bring the reader abreast of the advances of the past five j'ears in this 
field. New material includes surgical pathology of the heart, tumors of the larjmx, pine- 
aloma, Bittner’s milk factor in relation to breast carcinoma, aiitaminosis in cancer of the 
mouth, the Papanicolau vaginal smear method in diagnosing carcinoma of the cervix, fibrous 
dj'splasia of bone, inflammatory nodules of muscle in chronic arthritis and fibrositis of the 
back. 

The value of this attractivelj' published text is enhanced b\' 530 e.xceptionallj' clear and 
instructive illustrations including 22 in color. Additional well selected references for studj' 
have been added to the bibliographies at the end of each chapter, which are arranged ac- 
cording to subject matter. 

The reader not alreadj' acquainted with this popular book will find a pleasing literarj' 
stj’le unique in didactic medical literature. This, together wth a practical concise presen- 
tation of the subject vith close correlation of the important medical and surgical aspects of 
the diagnosis and treatment of disease, make it one of the most readable treatises on the 
subject and also a valuable asset in the librarj* of the student, surgeon, or general pathol- 
ogist. 

Detroit K. T. Miller 

The Acute Infectious Fevers. An Introduction for Students and Practitioners. Bj' Ai.ex.'\xder 

Joe, M.D., D.P.H,, ^Medical Superintendent, Citj' Hospital, Edinburgh; Lecturer on 

Infectious Diseases, Hniversitj- of Edinburgh. 276 pp., 64 figs. $4.50. Philadelphia: 

The Blakiston Compan}', 1947. 
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rift ceil topic? litive been chosen for inclusion in this little volume find are presented in 
a ntanner stvled for appeal chiefly to. “students, junior medical officers in hospitals and 
praeJitioners. . . The approach is primarily clinical and reflects the author’s unrivaled 
experierua* in the bedside care of jiatients with common infectious states. Outstanding 
are the chapters dc.aling with streptococcic disease and diphtheria, although all are e.xcellent 
and fire plir.ased in a delightfully inform.al manner which makes reading almost effortless. 

A few points within the text could stand enlargement and clarification even though they 
do not detract markedly from its value. For instance, little of the epidemiologic informa- 
tion, accumulated during the war, concerning Streptococcus, is incorporated. Needed espe- 
cially, is a more clear-cut concept of “non-suppurativc’’ complications. One could also 
approve more definitive statements of dosage for certain drugs; too much leewaj’' is given 
instead of cxprc.=sion in absolute terms of grains per pound or grams per kilo. The detailed 
discussions of supportive therapy are fascinating since the elaborate attention paid diet, 
baths, skin care, counterirritants, nasal douches, etc., is in contrast to usufil practice in 
this country. However, he slides rather vaguely over the role of transfusions, parenteral 
fluids, jicccssory foods, plasma and other measures commonly used here in the treatment 
of infectious dise.ase. 

One mark can be scored for and one against the publisher. In the publisher’s favor is 
the excellent choice and reproduction of photographs. This is most welcome since the 
trend of publishing houses has been toward the elimination of new black and white prints 
in favor of poorly done color plates or old-timers resurrected from earlier editions. The 
adverse mark is given for what must be an oversight; while the writer makes frequent 
reference to the literature bj* both author and year, there is, at least in my copy, no bibliog- 
raphy. Fin.ally, this book can be recommended unreservedly to all planning the publica- 
tion of tomes on clinical medicine. Doctor Joe’s forcbearance in delaying contribution 
until his ponsonal experience reached its peak, his refusal to discuss conditions with which 
he has not had intimate association, and his critical selection of references, all are criteria 
that might be followed by others with profit to self and reader. 

Detroit Paul V. Woolley, Jn, 

Malicitie in the Changing Order. Report of the New York Academy of Medicine Committee 

on Medicine and the Changing Order. 240 pp. $2.00. New York: The Commonwealth 

Fumi, 1947. 

This concise report covers the results of the work of an outstanding committee of the 
New "i ork Academy of Medicine under the chairmanship of Dr. Malcolm Goodridge. Thir- 
ty-three jihysicians and 17 representatives of allied professions and laj' interests served on 
the committee. In addition to presenting an extensive review of literature and statistical 
material, the information and opinions expressed before the committee and its subcom- 
mittce.s by some 50 persons are presented. 

The origins of the present problems in American Medicine are given by way of introduc- 
tion. The great improvement in the nation’s health which has occurred since the beginning 
of our early history is recorded, but it is frankly admitted that there is a definite failure 
to make the mo.st of present medical knowledge because of an uneven distribution of facili- 
ties. The contr.ast of medical care in urban areas with rural areas is drawn, as well as an 
analy.sis of t he quality of medical care now available. A plea for greater inelusion of pre- 
\cntive medicine in the training and practice of the physician is made. The role of the diag- 
nostic clinic, the hospital and .allied professions, such as nursing, is well brought out. 

I innlh , prcp.aymcnt insurance, both voluntary and compulsorj^, is anal 3 ’zcd and the 
conclusion drawn that man.v of the problems facing medicine todaj' ean be remedied bx' 
.'idniiling voluntarj- insurance plans that m.aj' v.arj' in scope in different areas, but which 
progress, attain the goal of more even distribution of medical care, 
he material is nicely presented and contains a well conceived plan for medicine’s ad- 
justment to the changing order. All physicians will find this small volume well worth 
reading. 

Detroit 


Bruce H. Douglas 


AN EVALUATION OF AIETHODS FOR SERUM PROTEINS* 


THEODORE J. BERRY, M.D., axd ELLA PEPJiIXS, M.S. 

From The Clinical Laboratories, Jefferson Medical College Hospital, 
Philadelphia, Pennsylvania 

According to the majority of investigators, the normal serum protein concen- 
tration is said to be between 6.0 and 8.0 gm. per 100 ml. In om- laborator\% it 
was observed that the stated normal range was considerably higher than our 
values. To reconcile the discrepanc}’’, we undertook (1) to check the method 
by which we determine blood protein levels and to compare it with some of the 
other recognized biochemical technics, and (2) to calculate the average normal 
serum protein concentration from results obtained in 327 consecutive blood 
donors. 


CHEMICAL METHODS COMPARED 

In the selection of a biochemical technic for routine use in an active hospital 
laborator}’-, the factors of speed, facilitj* and accuracy of method are the criteria 
of applicabilit 3 L Since this evaluation is purel}' for clinical purposes, onl}'^ a few 
of the methods will be discussed, and the tedious, complicated, time-consuming 
procedm'es of the laboratories of chemical research will not be considered. 

1. The Turbidmelric Method 

The determination of serum protein concentration is made in this laboratoiy 
bj’’ the turbidimetric method of Loone}^ and Walsh® " with a slight modification 
necessaiy for its use with the Eveljm photo-electric colorimeter. A 1 to 100 
dilution of serum in 15 per cent sodium chloride is prepared, of which 4 ml. is 
added to 1 ml. of a 2 per cent gum ghatti solution, followed b\* 5 ml. of a 5 per 
cent sulfosalicjdic acid solution. After ten minutes, the resulting turbid suspen- 
sion is read bj" means of the photo-electric cell, through a 520 filter, and the 
total senun protein is calculated to’- comparison with a cuiwe standardized b}^ the 
Kjeldahl method. 

Although it has received \\-idespread acceptance as the best single method of 
total nitrogen determination, the basic Kjeldahl procedure is said to be liable to 
errors of at least 10 per cent. The gi’osser discrepancies are considered to be due 
to the particular Kjeldalil variation used.^ Obviously, so cumbersome a technic 
as the Kjeldahl is impractical for routine use in a bus}’^ biochemical laboratoiy of 
a hospital, such as ours, where an average of 4500 various chemical procedures 
are executed in one month. In this study, therefore, it was utilized onK to 
standardize our test serums. 

2. The Micro-Kjeldahl Technic 

In Table 1, a comparison is made between the micro-Kjeldahl (Howe modifi- 
cation)- and the turbidimetric methods of protein determination in a split, 
pooled sample of serum. 

* Received for publication, .July 21, 1947. 
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For lack of a better term, we have used the expression “inherent error” to in- 
dicate the factor of variability within a given biochemical technic, or the scatter 
of values obtained on executing multiple determinations on the same split speci- 
men. This was calculated in the following manner. Several samples of a pooled 
quantity of blood were sent to the laborator}-- under different names, and the 
average of the values, as reported by the technician, was calculated. The varia- 
tion from the mean rvas expressed as a per cent, and called the “inherent error”. 
This error comprises a number of factors necessarily taken into account in the 
evaluation of a clinical laboratoiy method. It affords an approximate arithmetic 
estimate of personal and technical faidts which may varj’- considerably with the 
procedure in question, the skill of the executor, and the integi’ity of the mechani- 
cal elements involved. In our estimate of this error, the latter two factors were 

TABLE 1 


COMr.vaiSOK Ol? TURBimxtETRIC AXD MiCRO-KjELRAHL METHOnS OF 
Proteix Determixation 




TC'RBIDIMETRIC MF.TnOD 



MICRO-KJELDAHL ilETHOD 


NVitnKR 

Total 
protein 
pm. per 
100 m\. 

Differ- 

cnce 

Inherent 

error 

Macro-Kjeldahl 

Total 
protein 
pm. per 
100 ml. 

Differ- 

ence 

Inherent 

error 

Macro-Kjtldahl 


Error 

Per cent 
error 

Error 

Per cent 
error 

1 

5.3 


0.75 

.26 

4.67 

4.23 


14.4 

m 

23.92 

2 

5.3 

.04 

0.75 

.26 

4.67 

4.71 


4.8 


15.28 


5.1 

.10 

3.13 

.46 

8.24 

5.18 


4.6 

0.38 

6.83 

•! 

5, 1 

.16 

3.13 

.46 

8.24 

5.24 


5.8 

0.32 

5.77 

5 

5.2 

.00 

1.15 

.36 

6.47 

5.24 


5.8 

0.32 

5.77 

() 

5.3 

.04 

0.75 

.26 

4.67 

4.23 


14.4 

1.33 

23.92 

7 

5.4 

.14 

2.59 

.16 

2.87 

5.46 


10.2 

1.10 

1.79 

8 

5.3 

.04 

0.75 

.26 

4.67 

5.18 


4.6 

0.38 

6.83 

0 

5.3 

.04 

0.75 

.26 

4.67 

4. 82 


2.6 

0.64 

11.54 

10 

5.3 

.04 

0.75 

.26 

4.67 

5.25 



0.31 

5.55 

■Vveragos , . . 

5.20 

.07 

1.45 

.30 

5.38 

4.95 

0.36 





A'irlually constant throughout the investigation. Theoreticallj'^ then, the varia- 
tion under the.se circumstances should be negligible, but such mathematical 
precision is not generallj’' obseiwed in routine performance. 

1 0 calculate the “inherent error”, ten determinations were made on the split 
serum by each method (turbidimetric and the micro-Kjeldahl), and to establish 
the approximate error of the individual technic, the values were compared with 
those obtained bj' the macro-Ivjeldahl determination. It was found that the 
inliercnt error” in the turbidimetric method was 1.45 per cent, as compared with 
7.32 per cent in the micro-Kjeldahl technic.- The error of the former was 5.38 
per cent, and with the micro-Kjeldahl determination, the error was 10.72 per cent. 

As a further check on the turbidimetric method, it was compared with a stand- 
ard serum prepared for a state survej’’ by the William Pepper Laboratory of the 
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University of Pennsylvania. The readings obtained by^ the tested technic were 
less than 3 per cent in error. 

The micro-Kjeldahl modifications are more tedious, exacting, and time-con- 
suming, and these figures indicate that it is subject to wider variations than the 
method of Looneys and Walsh. 

8. Gradient Methods 

(a) The specific gravity correlation method. The method of determining the 
blood protein concentration by* correlation of the specific gravity of the serum or 
plasma, as outlined by' Phillips and Van Slyke* is perhaps the simplest and quick- 
est quantitative method available. It is, however, subject to gi-eat error, 
almost alway's giving a reading well in excess of the true value, as shown by' Hoch 
and IMarrack,^ and others.^ In studying the graph (Fig. 1) which represents 
over 100 consecutive, parallel serum protein determinations by' both the turbidi- 
metric and the Phillips-Yan Sly^ke specific gravity’ methods, it is apparent that 
no real, sufficiently^ accmnte correlation exists. The difference reaches as high 
as 48.2 per cent, with a mean difference of 16.2 per cent. 

In a group of twelve patients with the same serum protein concentration (5.4 
gm. per 100 ml.) as calcidated by* the turbidimetric method, the specific gravities 
of the serums varied between 1.0230 to 1.0270, or, when converted to the protein 
equivalent, the values ranged from 5.90 to 7.45 gm. per 100 ml. The higher 
reading represents a difference of 35.4 per cent. 

Serums from 16 patients, exhibiting the same specific gravity (1.0250) were 
found to have senim protein concentrations ranging from 4.5 gm. per 100 ml. to 
6.4 gm. per 100 ml. The greater reading represented a difference of over 48 per 
cent from the calculated total protein concentration of that paiticular sample. 

(b) The falling drop method The method of Kagan® enables one to determine 
the specific gravity’ of a single drop of blood by' comparing its time of fall through 
a liquid of known specific gravity', and referring this information to an alignment 
chart-. The serum protein is calculated by' using any' one of a number of formulas 
of conversion. The foimula used by' Kagan differs from that used by' Phillips 
and Van Sly'ke in the copper sulfate method, in that it usually' gives slightly' 
lower protein connlations. 

These methods rely' on the premise that the protein content of blood serum is 
the only' significant factor in the alteration of the specific gi*avity'. From obser- 
vations in studies of specific gravity'-protein content relationship, it would seem 
that factors other than the protein content of body' fluids, such as salts and fats, 
affect the specific gravity', and these do not follow the proposed formulas and 
conversions factors with any* practical degree of accuracy'. 

Jj.. The Biuret Reaction 

Direct comparison uith the biuret reaction^ was not undertaken in this investi- 
gation. This test is believed by' many to be thoroughly reliable, the error usually 
not exceeding 5 per cent in experienced hands. 
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THE XORMAE SERtiM PROTEIN CONCENTRATION 

Three Iumdrccl and twenty-seven consecutive blood donors were used as the 
control group to determine the normal adult serum protein concentration. The 



Fir 1 JURBIDIMETRIC method 

and tTie specific correlation between theturbidimetric 

w ccinc feravn3 methods of serum protein determination. 

(IcmonstraUon^oT tb^ during the first two months of 1947. Figure 2 is a graphic 
5.2 gm. per 100 ml ? obtained in this group. The range is from 

Onlv 3 1 per cent • ^ mean of G.33 gm. per 100 ml. 

pn pci 100 m T """ 8.2 per cent were below 6.0 

• r le aA eiage is shghtlj- lower than that generally set forth by 
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other obserV' ers, and can be accounted for in part by the fact that there is statisti- 
cal evidence of a generalized diminution in the blood protein values among the 
hospitalized patients during the latter years of the recent war. The average 



Fig. 2. Graphic represeutation of the serum protein con- 
centration in 327 blood donors. 


seinm protein concentration of the hospitalized patients began its gradual de- 
chne in 1944 and reached its lowest level in the summer of 1946, when the mean 
concentration for all patients, on whom the test was requested by the attending 
staff, was 0.0 gm. per 100 ml. Coincident with a more plentiful supply of pro- 
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tein foods in the autumn of 1940, there began a gradual rise in the aveiage le\el 
among patients of the same type until the present time -when the mean is approxi- 
mately 0.0 gm. per 100 ml. A study of more than 1300 blood protein determina- 
tions since the early part of World War II, in patients from this hospital, revealed 
this striking fall of the protein level, and the subsequent rise following the return 
of a better nutritional status among this urban population. 


COXCETJSIOXS 

1. The turbidimetric method of Looney and Walsh is a suitable biochemical 
technic for use in a clinical laboratory of a hospital for the determination of the 
blood protein concentration. Its “inherent error” is less than 1.5 per cent and 
its error does not exceed G per cent. 

2. The estimated error in the micro- Kjeldahl method of protein determination 
is 10.7 per cent, and its “inlierent error” is more than 7 per cent. Because of the 
exact ing technic of this method and its relative difficulty in execution, its use as 
a routine procedure is not recommended. 

3. The copper sulfate method for determining plasma and serum specific gravi- 
ties and correlating the protein values is liable to errors up to 48 per cent and is 
unsuitable for routine clinical laboratory use. 

4. The range of serum protein concentrations in 327 consecutive blood donors 
was from 5.2 gm. per 100 ml. to 7.7 gm. per 100 ml., with a mean of 6.33 gm. per 
100 ml., and a standard deviation of 0.58 gm. per 100 ml. 
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A SUE^^y OF THE ACCUEACY OF CHEmCAL AYALYSES 
IN CLINICAL LABOEATOEIES* 

WILLL4M P- BELK, .tsT> F. WILLIAM SL'NDEPALAN’, M.D.t 

In 1946 the Committee on Laboratories of the ^Medical Societo of the State of 
Pennsjdvania proposed a sun’e^'i to check the accuracy of some of the more 
common chemical measurements made in hospital laboratories throughout the 
state. It imdertook to do tliis bj' distributing solutions which had been carefully 

TABLE 1 

Number of Detekmixatioxs Cuassed as Satisfactory, Uxsatisfactory 

AXD Gross Error 


September AnaK'ses 


substance tested 

SATISFACTORV LntIXS OF 
j EEStXTS PER lOO srU. 1 

1 

1 KUirBER 

! SATISFACTORY 
' 

f 

i NTITEER UN- 
i S.\TlSFACrOSY** 

I 

1 G7-0SS EEP.OE** 

Hemoglobin 

1 9.8 rb 0.3 gm.l 

1.5.1 i 0..5 gm.j 
60 ~ 10 mg.j 

375 i 30 mg.j 
456 =b 50 mg.! 

6.6 0.4 gm. 

4.6 =b 0.3 gm. 

i 

17 

1 34 

11 

Hemoglobin I 

21 

1 

3 

Glucose i 

33 

1 19 

5 

Glucose ! 

27 

1 24 

4 

Sodium chloride ! 

30 

1 U 1 

2 

Total protein ' 

18 

1 29 ^ 

7 

Albumin | 

1 ^ 

1 35 

7 




October Analj'ses 


SCBSTAXCE JESTED 

satiseactoev LnnTS of ! 

EEStJETS SiC. FEE 100 in..| 

NXMBER 
SATISFACTORY ! 

\ NmiEER XW- 
1 SATISFACTOPA** 

i CEOSS EEROS** 

Calcium. ' 

1 

6.6 0.5 i 

14 i 

j 29 i 

12 

Calcium 

12.6 0.5 1 

14 ^ 

1 30 i 

11 

TTrpa nitrogen 

45 5 i 

14 

1 27 1 

13 

Urea nitrogen i 

9-1-1 > 

21 

21 1 

i 14 

SnOinin cliinride j 

1 642 -1- .50 1 

28 i 

' 15 ! 

j -t- 

! 2 

Sodium chloride j 

; 447 zt 50 1 

28 1 

1 

I 15 i 

1 1 

1 


** The number unsatisfactory includes the gross error. Thus, of the 34 unsatisfactoiy' 
hemoglobin determinations, 11 made errors of l.o or more gm. per 100 ml. 


prepared for analyses. A letter was sent to the pathologists and clinical patholo- 
gists in the state explaining the purpose of the sur\'ey and 59 expressed their 

* The cost of the original sun-ey was defrayed b\' the Medical Society of the State of 
Pennsylvania; that of the follow-up survey, by the Pennsylvania Association of Clinical 
Pathologists. Presented at the Twenty-Sixth Annual ileeting of the American Society 
of Clinical Pathologists, in Chicago, October 28, 1947. Received for publication. Julv 21, 
1947. 

7 The address of Dr. Belk is Timcs-iledical Building, Arsraore, Pa., that of Dr. Sunderman 
is 2210 Delancey Street, Philadelphia 3, Pa. 

t The Committee consisted of Heniy F. Hunt, M.D., George H. Lacj-, :M.D., Vemer Nis- 
bet, M.D., Lloyd E. Wurster, MJD., and William P. Belk, M.D., chairman. F. William 
Sunderman, iLD., served as referee for this survev. 

8.53 


S54: 


BELK AXD SUXDERMAK 


willingness to participate. These physicians represented hospitals of all types 
throughout Pennsj'lvania as well as two hospitals in New Jersey, one in Delaware 
and a small number of private laboratories. 

Each participant received a total of 12 samples for analyses including 2 aqueous 
solutions of glucose, 3 of chloride, 2 of urea, and 2 of calcium in concentiations 
comparable to those found in human blood; one sample of semm for measure- 
ments of total protein, albumin and globulin; and 2 samples of citrated whole 
blood for the measurements of hemoglobin concentration. The aqueous solu- 

TABLE 2 

Frequency Distribction of L.vbor-^tory Scores 
(Score = Total Number of “Satisfactory” Determinations) 


September Data 


SCORE 

{maxtmvm possible 7 ) 

KnilBER or LilBOEATOEIES HAVING THIS SCORE 

0 

0 

1 i 

9 

2 

15 

3 

S 

4 

11 

0 

6 

G 

3 

7 

0 


October Data 


SCORE 

(iUXIUVit POSSIBLE « 6) 

NUJTBER or LABORATORIES HAVING THIS SCORE 

0 

6 

1 

6 

2 

6 

3 

9 

4 

13 

0 ! 

2 

c 

2 


tions, serum and whole Itlood samples were found upon anab’^sis by the referee to 
have remained unchanged during transit. For the sake of convenience the sam- 
ples were sent to the participants in two sets on different occasions. These sets 
are designated “September analyse.?” and “October analyses” in the tables. The 
results of the anab'ses wore returned to the chairman of the committee on un- 
signed, uniformly printed postcards so that the work of any participant could 
not be identified. 

T!ie data were grouped into classes and arranged into frequency distributions. 
Histograms were then prepared as shown in Figures 1 to 6 inclusive. The 
number of satisfactorj- and unsatisfactoiy re.sults and gross errors are listed in 
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Table 1 , The allowable errors for the various types of measurements are given 
in column 1, such values having been ai-bitrariiy selected bj* the referee as being 
limits that should be maintained for satisfactory' laboratory' practice (Table 2). 

CALCIUM 


FreQuencz^ 




Fig. 1 


The data presented in the tables and figures are seK-explauatory'. They 
should, however, be carefully scrutinized so that their full implications will not 
be missed. The scatter of the measurements and the degree of unreliability is 
sui-prising. Tire accuracy of the measurements is below any reasonable standard . 
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It v.-ill lx? noted tluit unsalisfactoir results outnumbered the satisfactory and 

that no laboratory had a perfect score. , . ^ i • 

The Pennsylvania Association of Clinical Pathologists followed up this suivey 
with a fpiestionnaire to the clinical pathologists of the state requesting their 


UREA 


Tr^QU2nc^ 



Treouencij 



Tie. 2 


opinions of the causes of the inferior laboratory work indicated bj’’ the .survey- 
tine hundred and six replied, 95 of whom listed the factors that the 3 ' considered 
important, as shown in Table 3. 

It will 1)0 .seen in Table 3 that 82 of the laboratoiy directors indicated that in 
their opinions inadeciuate training of technicians was a major contributing factor. 





Mg./ 100 ml. 

Treqaenct^ 

£0 -r- 




SoS 
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HEMOGLOBIN 

Freowencz^ 
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In addition, 80 felt that an insufficient numher of technicians was provided to 
carr}’^ out the amount of work undertaken bj" the laboratories. It is recognized 


GLUCOSE 


Prcoaencq 



Mg,/lOO ml. 



M3./100 ml. 


Fig. 5 

that the most capable technicians cannot be expected to obtain reliable results 
ivhen placed under pressure to perform an excessii’e number of examinations 



sm 
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TOTOL SERUM PROTEIN 



5 6 7 a 9 10 11 18. 


Gm./iOO ml. 



1^3456789 lO 

Gm./ 100 ml. — 


Fig. G 

within a limited period of time. From the replies to the questionnaires it was 
apparent (hat the majority of tiie pathologists felt that the combination of poor 
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training and insufficient number of technicians accounted in large part for the 
unreliability' of many of the analy^ses reported in the suri'ey. 

Technician traim'ng and supen'ision are obviously responsibilities of the 
clinical pathologist. At the present time, however, he is likely to encounter 
obstacles in fulfilling these obligations. In recent years it has been difficult to 
recruit apprentice technicians with satisfactory^ educational backgrounds, 
largely' because prospective apprentices were able to secure equal or better re- 
muneration in other occupations, some of which did not require prolonged pre- 
liminary training. In addition, the insufficient number of technicians is in part 
attributable to the unwillingness of many institutions to create new technical 
positions to meet the expanding needs of the laboratory', and also to the practice 

TABLE .3 

FaCTOBS COXTRIBUTISG TO Technic.aij Ix.accuracies .axd Other Uxsatisf.a^ctorV 
CoXDlTIOXS IX Clixicae L.aboratobies 
(Opinions of Xinety-five Pathologists in Pennsjivania) 


r.lCTOP.S , TUIES ttSTED 


1. Poorly trained technicians ■ 82 

2. Inadequate number of technicians ; SO 

3. Lack of understanding between pathologist and staff ' 64 

4. Poor equipment ; 63 

5. Insufficient floor space 57 

6. Miscellaneous factors (inadequate orderlj* service, insufficient 

secretarial service, etc.) , 39 


of fixing salaries at levels that are too low to attract and hold the better ty^pe of 
worker. 

Item 3, “lack of understanding between pathologist and staff”, is a reflection 
of the fact, generally' recognized, that there is in present practice a hiatus between 
the laboratoiy and the ward. It may' be necessary for the clinical pathologist, 
himself, to study' the patient in order to meet fully the clinical needs. 

SUMiLARY 

Results ai-e reported of a sun'ey' which was conducted to check the accuracy 
of some of the more common chemical measurements made in hospital labora- 
tories throughout Pennsy'lvania. 

Achnowkdgineni. tVe are indebted to Dr. Charles P. Winsor of the Department of Bio- 
statistics of .Johns Hopkins University for the statistical analysis of these data. 


3)ETECTI0X OF IXTRAVASCULAE CLOTTING TENDENCY BY 
HEPARIN TOLERANCE PRINCIPLE 

Methods axd Clikicae Afplicatioe* 

IIAKOLD S. TUFT, AIJD., and KICHAFD E. IIOSENFIELD, M.D. 

From the Departments of Medicine and Pathology, Monieftore Hospital, 
Pittsburgh, Pennsylvania 

The studies of De Takats* demonstrated an increased tolerance to intravenous 
heparin in cases of thromboemi)olic disease. Y’’augh and Ruddick*’ ■* developed a 
test to measure increased tolerance to heparin in vitro. Ogura, Fetter, Blanken- 
liorn and Glueck- further simplified the Waugh-Ruddick test by using only one 
tube. They demonstrated increased tolerance to heparin in 21 out of 27 cases of 
myocardial infarction. Owing to interest stimulated by the increasing use of 
anticoagulant therapy, a need was felt for a simple laboratory test which would 
aid in the diagnosis of an intravascular clotting tendency. The modified Waugh- 
Ruddick test was adopted and it is our purpose in this paper to present materials 
and methods for the performance of tests both in vivo and in vitro and the clinical 
applications for these tests. 

SfATERIALS .AND METHODS 

'J'he original De Takats test involved three detenninations of coagulation 
times at ten minute intervals following the intravenous injection of 10 mg. of 
heparin, so that thirty minutes elapsed for the perfoiTnance of the test. Since 
ids work showed that the first ten minute reading was the most significant, the 
test, was initially modified by omitting all subsequent determinations. The nor- 
mal response to this amount of heparin was a two- or three-fold increase in the 
coagulation time in ten minutes, with normal values in the twent}*- and tlrirty 
minute readings. Patients Avith thromboembolic disease, however, showed no 
resiAonse either in the first ten minute reading or in subsequent readings. The 
De Takats test, then, requires three venipunctures; detennination of the control 
(dotting time, injection of heparin and determination of the clotting time after 
ten minutes. In the deteimination of coagulation time, the capillary tube 
method gave inconsistent results and was therefore abandoned in favor of the 
Lee-Wiute clotting time method. 

1 ire metliod of Waugh and Ruddick immlved the use of increasing amounts of 
licparin added to venous blood in vitro. The original test utilized 0.1 Toronto 
unit of heparin with increments of from 0.1 unit to 0.7 unit. Ogura and his as- 
sociates ob.«ervcd t hat clockwise rotation on a line chart of the clotting times by 
this method was alwaA's the result of acceleration in the last tube. They, there- 
fore, depended on the 0.7 unit tube for their readings. Thus, the test Avas ex- 
tremely simple and could be accomplished in the hospital laboratory. In our 
Avork, the heparin concentration used AA’as com^erted to terms of milligrams and 
the test planned on that ba.sis. 

tstock heparin solution AA-as prepared by diluting 1.0 cc. containing 10 mg. of 

’ Received for publie.ntion, July 17, 1947. 



IXTRATASCULAR CLOTTIXG 


863 


hepai-iii -rt-ith 99 ec. physiologic saline. One-tenth cc. of this material was placed 
into each of several scrupulously clean 10 mm. Kahn tubes and the tubes plugged 
with rubber stoppeiis. The stock material was stable, but was kept in the re- 
frigerator in order to reduce bacterial growth, since sterile precautions were not 
obseiwed. The test in vitro required 1.0 cc. of venous blood, removed as soon as 
possible following application of the tourniquet. This was mixed with the dilute 
heparin in the tube by inversion. Thus, a final concentration of 0.01 mg. of 
heparin added to 1.0 cc. of venous blood was obtained. The added heparin was 
kept at 0.1 cc. instead of 1.0 cc. as in the Waugh-Ruddick test to reduce the effect 
of dilution on the venous clotting time. 

Each tube was observed for clotting at five minute inteiwals at room tempera- 
ture. ^lerely tilting the tube to note the point where the fluid no longer ran 
along the side was not considered sufficient e\'idence of clotting. In many early 
tests, clotting occuiTed in the red blood ceU layer and not in the plasma portion 
when the sedimentation rate was rapid. Therefore, it was necessary to invert the 
tube completely in order to determine the end point which was reached when the 
tube could be completely inverted ndthout flow. Care was taken to avoid 
shaking or anj' other procedure wliich might produce bubbles on top of the fluid. 
If a thin fibrin coat formed on top of the fluid and was broken up by inversion, 
complete clotting followed in two or tlnee minutes. Thus, no inaccuracies re- 
sulted from inversion. 

Standardization of the delay in clotting produced by this concentration of 
heparin was accomplished by testing five normal subjects with each fresh batch. 
Some variation was encormtered in the activity of heparin from rtal to rtal. The 
concentration of heparin in the final solution was then changed to conform with 
the acti\'ity noted. The selected concentration was intended to delaj' clotting a 
minimum of sixty minutes in the normal subject. As long as the test was con- 
trolled by standardization with normal blood semms, it could be inn at room 
temperature. If standardization was not practiced, then seasonal changes in 
room temperature had an appreciable efiect, as '\Miittaker° has pointed out. 
The test, then, must be rnn at a selected standard water bath temperature. 

BASIS FOR HEP.ARIX TOLERANCE TESTS 

Waugh and Ruddick considered their test to be a measure of circulating throm- 
boplastin. Acceleration in clotting time was produced by adding thrombo- 
plastin to the heparin blood mixture. Delaj' in clotting could be produced b.y 
removal of platelets by centrifugation. 

Since the test was coasidered a measure of circulating thromboplastin, a 
patient having an excess of thrombocj'tes which break domi readily should show 
increased tolerance to heparin. A case was encountered where these experi- 
mental conditions prevailed. A 32 year old white man, an army veteran, 
was admitted to the hospital Ijecause of arterial bleeding following the incision 
of a hematoma of the back. This patient had had a splenectomy two years 
previously because of trauma to the spleen. On admission, his platelet count 
was in excess of 3 million per cu. mm. After a heparinized blood sample from 
this patient had remained exposed to the air for thirty minutes, only one 
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million platelets per eu. mm. could be counted. Thus, large amounts of throm- 
l)opla.«tin were continually being formed. The data in Table 1 show the in- 
creased tolerance to lieparin by the method, both m vivo and ?n niiio. The 
negligiltle response to 10 mg. of heparin injected intravenously m the modified 
Do Takats test and the accelerated reaction in the modified ^\augh-Ruddick 
to.st ill vitro point to neut ralization of excess thromboplastin by the added hepai in. 


CLTXICAL application 

In the work of De Takats, all ca.ses of thromboembolic disease showed increased 
tolerance to heparin. With the test in vitro, it is possible to appl}’’ this principle 
to the study of intravascular clotting. There are many instances in which the 
diagnosis of pulmonary embolism is in doubt. This diagnosis is further ob- 


T.thLE 1 

Hcsri.Ts OF IIkcarix Toi.erance Tf;sts in vivo .and in vitro in a C.ask of Increased 

Thrombocyte Count 


In vivo test 
In vitro test 


CO.S'TROL 


7 minutes 
14 minutes 


ten minutes after intr.v\-enous 
INJF.cnoS OF 10 MC. HEPARIN 


10 minutes 
14 minutes 


T.\BLE 2 

DI-STRIBI TION OF TtUiOMBOF.MBOI.IC DiSE.ASES IN 25 PATIENTS H.AVING HePARIN 
Toi.era.nce in vitro Below Thirty Minutes 


ni.voxosES 

NUilBER OF PATIEKTS 

Piilcfidtliroinbo.si.'i . . , 

11 

-tcutc tliromboplilehitis , 


I’ulmoiiiiry Ihroinbosis following septal myocardial infarclion,. 

3 

Pulnionarv embolism, source unknown ... 

1 , 

I’ulinonarv emliolism following plileliothrombosis 

3 

Penal infarction from auricular fibrillation 

> 1 

Femoral arterv emboli.sm from mvocanlial infarction 

1 


.senred when the occurrence of pulmonary embolism is accompanied by little or 
no subjective or objective eiddence of phlebotlirombosis. Other postopera- 
tive pulmonary complications are sometimes difficult to differentiate from em- 
bolism. M'ith proiior interpretation, the teM m vitro, as well as the te,st in vivo, 
offers an aid to diagnosis. Negative results are of as great value as positive re- 
•siilts, since no case of thromboembolic disease has so far been ob.served nithout 
incrca.scd tolerance to heparin. 

Hecause tlio nonnal delay by the method in vitro is pegged at sixty minutes, 
minor accelerations which occur should be disregarded. In 25 patients, hospital- 
ized for various conditions other than thromboembolic disease, results as low as 
forty mimiles were encountered, Waugh and Ruddick showed that these results 
icpmsont change.s due to lied rc.st or infections. A result of less than thirty' min- 
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utes in any given patient, however, is significant of a markedly increased tolerance 
to hepaiin. 

Table 2 shows the 133)68 of cases represented in a series of 25 patients with 
thromboembolic disease. All of these patients showed hepaiin tolerance in 
vitro with clotting times of less than thirty minutes. Tests in vivo were run on 
10 of these patients and likewise showed a lack of response to injected heparin. 

A group of 25 patients with m3’ocardial infarction was also studied. The 
results confiimed those obtained b}’ Ogura et al. The clotting tendenc3^ as de- 
monstrated 1)3' the hepaiin tolerance test in viti'o became accelerated in 15 of the 
25 patients in the second week of the onset. As in the series reported b3' Ogura 
ei al., acceleration occurred as earh' as the third da3' in 8 of the 15 patients. 
Three of this latter group developed thromboembolic complications and are 
included in the thromboembohc series. None of the patients who did not show 
accelerated reactions developed these complications. In man3’' instances, the 
hepaiin tolerance tests indicated a clotting tendenc3' but the patients never 
developed thromboembohc comphcations. How this clotting tendenc3' reverts 
to normal spontaneoush' is still unknown. 

From the results in the 25 patients with thromboembohc disease, it appears 
that each episode is accompanied b3' an increased tolerance to heparin. If no 
increase in tolerance to heparin occurs, it ma3^ be as.sumed that the patient will 
not develop thromboembohc disease. Thus, the tests ma3' be used as a basis for 
the administration or the withholding of anticoagulant therap3'. Admitted^, 
more cases will stiU be treated than will subsequenth' develop thromboembohc 
comphcations, but a substantial group of patients can be safel3' spared anti- 
coagulant therap3^ 


SmiALARY AND CONCLUSIONS 

^lethods are given for the measurement of heparin tolerance in the diagnosis 
of thromboembohc disease. E\idence for the consideration of these tests as 
indicators of the blood thromboplastin level is presented. Increased tolerance 
to heparin was found with great regularitA' in patients with thromboembohc 
disease. 

It appears that excess circulating thrombolplastin is the cause of the increased 
tolerance to heparin. The conclusion is drawn that a disturbance of thrombo- 
plastin is the basic etiolog3' of thromboembohc disease. 

We suggest that these tests be used as a basis for the emplo3'ment of anti- 
coagulant therap3'. 

REFERENCES 

1. De T.^kats, G.: Heparin tolerance: a test of the clottina mechanism. Sure.. Gynec. 

and Obst., 77: 31-39, 1943. 

2. Ogura, H. .1., Fetter, N. R., Bla.vkexhorx, M. A ., .and Glveck, H. I.: Changes in 

blood coagulation following coronary thrombosis, measured bj' the heparin retarded 
clotting test (Waugh and Ruddick "test). J. Clin. Investigation, 26: 5S6-596. 1946. 

3. W.ACGH, T. R., -AND Reddick, D. W.: Test for increased coagulability of blood. Canad. 

M. A. J., 60: 547-549. 1944. 

4. W.ACGH. T. R.. AND Ruddick, D. W.: Studies on increased coagulability of blood. 

Canad. M. A. J., 61: 11-17, 1944. 

5. WniTT.AKER, J.; The effect of temperature on the W'augh and Ruddick test for increased 

coagulation of blood. Canad. 31. A. J., 62: 1S5-IS6, 1945. 


CLIXICOPATHOLOGIC CONFERENCE* 

DOXAI-D C. BEAVER, M.D., axd SETH W. ELLIS, M.D. 

From Ihr Dcp'Jrtmcnlx of Pathology and Medicine, 11 07Hor!’s Hospital, Detroit, Michigan 

CUXICAL FINDINGS 

[^//i.sfon/. >rrs. AI. Z., a 40 year old white, Polish woman, was admitted to 
tile* hospital, June 14, with the following complaints: lower abdominal pain and 
tenderness, protrusion of the cervix from the vagina on standing, frequent men- 
struation and partial urinary incontinence. Seven months prior to admission, 
the patient noticed that the cervix protruded from the vulva when she was 
standing. At this time she began to have pain in the lower part of the abdomen, 
\-aginal discharge and d\-suria. There was also leakage of urine from the bladder 
<in coughing or straining. 

The past history revealed that there had been an operative suspension of the 
utia'us six years previously, and that the patient had had a large goiter since 
})ube.rty. There had lieen two normal pregnancies, eight years and seventeen 
months ago. The patient had begun to menstruate at the age of 15. The peri- 
o(i.s had I)oen regular, with intervals of twenty-eight days and normal flow for 
four or five days, until four months prior to admission when she began to men- 
struate every two weeks for three or four days. She had mild dyspnea on exer- 
tion. There was no history’ of gastro-intestinal disturbance. The patient’s 
father iiad died of carcinoma of the lip; her mother was living and well. 

Physical cxnminalion revealed an obese woman with marked oral sepsis with 
caries and pyorrhea. The thyroid gland was generally enlarged, irregular and 
nodular. The lungs were normal. There was no apparent enlargement of 
the heart; the rhythm was regular, the sounds were normal and there were no 
murmurs. The systolic blood pressure was 132 mm. of mercury and the diastolic 
pre.'^sure was SO mm. JJic abdomen was obese, with a large incisional hernia, 
'riiere was tenderne.ss in the left hypochondrium and over the sigmoid colon. 
1 he pelvis showed marked relaxation, cj'stocele and rectocele and second degree 
descensus of the uterus. The ceiwix Avas large, eroded and bilaterally lacerated. 
There were extensive venous varicosities on both legs. 

Lahornlory data. The blood count re\’ealed the folloA\ing: hemoglobin 13.5 
gm.; ervthrocAqcs 4,380,000; leukoc 3 des G050; the differential count: polj’'- 
morphunuclear leukocwtes 51 per cent (filamented, 44 per cent; nonfilamented, 7 
per cent) ; K'niphocwtes 42 per cent ; monocjOcs 3 per cent; eosinophils 4 per cent . 
Irinalysis revealed: acid reaction, specific gravity" 1.012, albumin and sugar 
negatiA'e. A Kline test was negative. Clotting time was three and one-half 
minute.?. 

Hospital course. On June IS, after preoperative medication of morphine 
sulfate grains and atropine sulfate grains xiuij nn anterior and posterior col- 
porrhaphj' and Stunndorf amputation of the cervd.x were done under gas in- 
duction-ether anesthesia. The patient was in the operating room one and one- 
half hours and returned to her room in good condition. 

* Received for publication, .\ugu.st 12, 1947. 
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The immediate postoperative course was uneventful except for an elevation 
of temperature to 102.4 F. on the first day and a moderate degiee of abdominal 
pain. Urinalysis on the day following the operation showed 1 plus albumin v-ith 
8 leukoc 3 des and niunerous eiythrocytes per high power field; the urinaiy out- 
put through the indwelling catheter, inserted at the time of operation, was 
normal. The patient’s temperature varied from normal to 101.4 F. during the 
second to fifth daj'-s postoperativeh* and her general condition was quite satis- 
factory. The catheter was removed on the sixth postoperative daj"; following 
this, the patient had some frequencj* and dj^suria. On the tenth daj' following 
the operation, the patient complained of pain in the chest, but the temperature 
and pulse remained normal and examination of the lungs was negative. The 
chest pain subsided after a few hours but on the eleventh postoperative da}’, the 
patient experienced a sudden severe pain in the left knee and leg while walking 
to her bed from the bathroom. There was also marked pain in the lower ab- 
domen at this time. Immediateh’ following this, the patient developed the 
appearance of shock; the .skin was cold and moist, there was marked pallor, and 
respirations were rapid and shallow. The heart was regular, the rate 108, and 
there was a loud, harsh sj’stolic murmur heard over the entire precordial region 
with maximum intensity in the third intercostal space to the left of the sternum. 
The radial pulses were veiy small. The systolic blood pressure was 142 mm. of 
merciir}’ and the diastolic was 82 mm. in the right arm. In the left arm, the 
sj^stolic pressure was 142 mm. and the diastolic 100 mm. The abdomen was 
soft and not tender. The left leg and foot were cold and the skin showed a 
marked purplish red mottling. .A.rterial pulsations were absent in the left foot 
and there was apparent anesthesia. The clinical diagnosis at this time was 
mural thrombosis of left ventricle of heart with arterial embolism to the left 
leg. 

The patient was put at absolute rest. The left leg was elevated and a heat 
cradle applied. A few hours later, the patient vomited three times, the vomitus 
consisting of imdigested food. She recovered from the shocklike condition and 
did not complain of pain in the left leg until the following daj’ when the tempera- 
ture rose to 102.4 F., the pulse rate to 128 and the respirator}' rate to 28. The 
follo^ving day the temperature rose to 103.2 F., the pulse became more rapid, the 
patient was semicomatose, and there was severe pain in the left extremity. Tlie 
left leg and foot continued to show a marked gi-ade of mottled purplish red dis- 
coloration and the foot was cold. The temperature and pulse rate rose pro- 
gressively, the patient became comatose and developed jerking and twitching 
movements of the extremities and face, and died on .July 2, the third day follow- 
ing the postoperative accident. At this time there was a well marked line of 
demarcation on the foot about 5 cm. above the toes with beginning gangrene 
below this point. 


-VXTTOP.ST REPORT 

Gross findings. The important findings are summarized. The body was that 
of a well developed, well nourished white woman, measuring 170 cm. in length 
and weighing approximately 170 pounds. There was a midline suprapubic old 
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opcnUive scar which appeared well healed except, for a diastasis of the recti 
muscles. The pupils were round and equal and measured 4 mm. in diameter. 
There was no cyanosis, edema, or jaundice present, except for blotchy, purplish 
discoloration of the left leg and marked reddish purple discoloration of the toes 
and dorsum of the left foot for a distance of 5 cm. above the toes. At this point 
on the foot there was a sharp line of demarcation. No free fluid was found in 
the peritoneal cavity. There was a small amount of fresh blood in the posterior 
oul-tlc-sac. No free fluid was found in either pleural cavity. The visceral and 
parietal layers of the pleura over the left lung were adherent throughout by 
dense adhesions so that the substance of the lung was torn in remoA'ing it. The 
j)?ricardial sac contained a normal amount of clear straw-colored fluid. The 
p\ilmonary artery was opened and no embolism was found on either side. There 
wa.s no infarction, tuberculosis, or other type of consolidation in either lung. 
The bronchi were normal. The right pulmonary arterj-^ was normal and con- 
tained no thrombi or emboli. A branch of the left pulmonary arteiy contained 
a small antemortem thrombus. The heart weighed 440 gm. The pericardium 
and cpicardium were normal. The muscle was light reddish brown and fine 3mllow 
streaks were present. Tlie right atrium was dilated, grade 1. Extending from 
tlie region of the orifice of the superior vena cava to the crista terminalis there 
was a weblike network with long threads of attachment extending to the anterior 
margin of the fossa ovalis and to the interatrial septum 1.5 cm. above the ostium 
venosum. One strand also extended across to attach to the upper portion of the 
orifice of the inferior vena cava. There was no eustachian valve. The the- 
besian valve was well defined and about it there were no anomalies (Fig, 1). 
The fossa ovalis measured 2 x 2.5 cm. It Avas partly fenestrated and along its 
anterior margin in the region of the attachment of the reticulum there was a 
patency which measured 1.5 x I cm. In the meshes of the reticular network a 
layered, finnly attached thrombus was found which measured 1.5 x 1 x .5 cm. 
(Fig. 1). The right ventricle was liA’perti-ophied, grade 2. The left atrium and 
ventricle were normal in appearance, but revealed dilatation, grade 1. The 
valves and endocardium were normal throughout. The coronary vessels re- 
vealed sclerosis, grade I. iMcasurements of the heart; thickness of ventricular 
walls; left, J.o cm., right., 7 mm.; diameter of ventricles; left 8 cm., riglit, 9 cm.; 
circumference of valves; mitral, 8 cm., aortic, 6 cm., pulmonic, 6.5 cm., tricuspid, 
11 cm. fl’hc septum was normal in appearance. The entire gastro-intestinal 
tract was free of lesions. The spleen weighed 560 gm. The surface AVas smooth 
and the color graA'ish purple. The splenic arteiy AA’as complete^ thrombosed 
and the entire spleen Avas undergoing a grajdsh purple and hemorrhagic discolora- 
tion clue to infarction. The splenic A'ein A\'as occluded bj' an agonal t^Tie of 
thrombus. Ihe pancreas was normal. The Ihrnr A\eighed 2075 gm. and Avas of 
normal consistencj'. The surface AA-as reddish broAvn; the capsule Avas smooth 
and glistening. On cut surface it shoAA'ed fairb*^ good-.sized areas of 3'elloAvish, 
lu^tcrless mottling. There AAore multiple adhesions about the gallbladder AA'hich 
AAas filled AA'ith .small stones, fhe A\'all of the gallbladder Avas thickened. The 
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coinrnnn duct was dilated, grade 2, and on exploration five small stones were 
found imbedded in its duodenal end, apparently mising an incomplete obstruc- 
tion. The suiirarenal glands were normal. The right kidney weighed ISO gm., 
tlic left, 210 gm. The capside stripped easily leaving a rough surface, the 
rouchcning being due to large scam and depressed areas. Fetal lobulations 
were prominent. The color was a grayish ])ink, A'ai^dng to mottled dark 
red. The cut .surface was dark red in color with the exception of the pyramids 
^\•hich were Idanched. The normal tubular and glomemlar markings were 
ol).'Curcd. I'lie right renal artery was thrombosed in its main portion and 
branehe.s of the left renal artery were thrombosed. The pelves, calices and 
ureters were normal on both sides. The urinary bladder was normal. The 
cervix was hemorrhagically discolored and the superficial epithelium was parti}' 
necrotic. The main portion of the cciwix was recently amputated. The uterus 
was small, appeared normal and measured G x 4 x 3.5 cm. The uterine and ad- 
nexal veins were not tlu-ombosed. The tubes and ovaries were normal. The 
aorta revealed .sclerosis, grade 1. It was e.xamined as far as the femoral artery 
on c.ach side and no thrombi were found. The vena cava, iliac and femoral veins 
re^’ealed no tiu'ombi. The thyroid was nodular and enlarged. The brain was 
not examined. 

Microscopic fimlings. The suprarenal glands revealed only congestion. Four 
sections of kidney revealed large areas of circumscribed coagulation necrosis 
with polymorphonuclear neutrophilic leukocytic infiltration and hemorrhage, 
especially at margins. There were multiple areas of central and focal necrosis 
in the central and intermediate lobular positions of the liver which were infiltrated 
by polymorphonuclear leukocytes. There were large numbers of lymphocytes 
in periimrtal spaces. Sections of the spleen revealed thrombosis of branches of 
the sjdenic arteiy within the spleen. The splenic tissue was undergoing cir- 
cum.«crihcd coagulation necrosis and in the necrotic zones there was evidence of 
hemorrhage and edema. Sections of the lung I'evealed extensive extravasa- 
tions of serum into the alveoli. In certain areas there were a few polymorpho- 
nuclear leukocytes present, within the fluid. The vessels were congested and a 
few of the indmonary arteries contained small embolic masses of layered antemor- 
tem blood clot. 1 he thrombus from the network of the right atrium was of 
recent formation, layered type, free from organization and infection. There 
was no significant change in the myocardium e.xcept in one section of the left 
ventricle which revealed an area of myocardial atrophy and dense scar tissue 
replacement . Sections stained for lipoids by sudan H" revealed a severe grade of 
lipoid degeneration of the myocardium. xVtrophy of glandular tissue with adi- 
pose tissue rej)lacement were the only changes found in the pancreas. In the 
uterus the endometrium was hypertrophied and in the proliferative phase of 
the cycle. 1 he glands were hypertrophied and dilated. There was no 
(A’idence of infection. 

^Ihe analomic and nncroscoptc diagnoses were as follows: recent (15 day) 
anterior and i)osterior colporrhaphy, Sturmdorf amputation of cervix and peri- 
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neorrhaph}': reticular network in right atrium (remnant of left venous valve 
and septum spurium); patent foramen ovale; primaT 3 * thrombosis in network of 
right atrium ^\■ith residual thrombus in network. Paradoxical embolism of 
splenic arterj', renal arteries, left tibial arteiy (clinical), and cerebral arteries 
(clinical) with gangrene of left foot and infarction of kidneys, spleen and brain 
(clinical); fatty degeneration of myocardium; pulmonaiy embolism (small), 
no pulmonaiy infarcts; edema of lungs with beginning bronchopneumonia; 
focal and central necrosis of liver; splenomegah' (560 gm.); thrombosis of splenic 
vein (agonal); h>yertrophic persistent proliferative endometrium (hj^ieres- 
trinism) ; cholelithiasis and choledocholithiasis; chronic fibrous pleural adliesions 
(left); small scar of myocardium (septum); adenomatous goiter; atherosclerosis 
of aorta, grade 1. 


DISCUSSION' 

This case is remarkable because it presents an unusual combination of con- 
genital cardiac anomalies, namely, reticular network in the right atrium, the ab- 
normal remains of the left venous valve and septum spurium and patent fora- 
men ovale. Of additional interest is the relationship of these anomalies to the 
fatal postoperative complications of thrombosis, paradoxical embolism, infarc- 
tion and gangrene. The cardiac anomalies were probably responsible for the 
unfavorable outcome in a patient who otherwise probably would have recovered. 
The surgical procedures were simple and locally without serious complications. 

• Congenital defects of the heart are relatively rare, comprising about 2 per cent 
of the total number of cases of organic heart disease and about 5 per cent of the 
cases in children. About one-half of these congenital anomalies are not clini- 
cally important in themselves but are likely to become the seat of serious infec- 
tions or predisposing causes to cardiac disease. 

It is estimated that almost 25 per cent of noimal adults have a patent foramen 
ovale. The opening is usualb' small, oblique or vahuilar in character, allowing 
the passage of ver}' little blood from one side of the heart to the other. There 
are usually no clinical erudences of this trije of patencrv At times the opening is 
larger, and through it a thrombus, reaching the right atrium from one of the 
large veins, may pa-ss to the left side of the heart and cause embolism of the 
brain, or some organ other than the lung: so-called crossed or paradoxical em- 
bolism. This t^ye of patent foramen ovale usuall 3 '' causes no other trouble. 
There are no phj^sical signs. Larger patencies of the foramen ovale constitute 
one of the clinical types of cardiac anomalies of the “cj'anose tardive” varietjN 

Anomahes of the valves of the light atrium ma 3 ' be present, and are pro- 
portional to the degree of regression of the embr 3 'onic valves, nameh^ the right 
and left valves of the sinus venosus, the septum spurium and sinus septum. 
Mfiien there is defective development of the interatiial septum there ma 3 ' be 
various grades of persistence of an 3 ’- of these vahmlar structures. The position 
of these valves in the adult human heart is as follows. Rudiments of the right 
venous valve are found along the anterior rim of the orifice of the inferior vena 
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cas’u extending upward to the upiier portion of the crista terminalis and down- 
ward across the orifice of the coronary sinus toward the tricuspid valve. Rem- 
nants of the left venous valve are found on the interatrial septum in the region 
of the rim of the fossa ovalis. Renmants of the septum spurium are found an- 
terior to the mouth of the superior vena cava near the interatrial septum. Rem- 
nants of the sinus septum extend from the rim of the fossa ovalis to the orifice 
of the inferior vena cava in the region of the eiistachian valve. 

The most frequently described persistence of vah-es of the right atrium is that 
reported bj' Chiari" in 1897 and known as Chiari’s network. This consists of a 
net work of fine or coarse fibers in the right atrium extending from the interatrial 
.septum on the upper portion of the crista terminalis to the thebesian or eiistachian 
valve or to tlie region of the orifice of the coronary sinus and the inferior vena 
cava. Chiari considered the network he described as due to persistence, in the 
form of a reticulum or network, of remains of the septum spurium and the right 
venous (or eiistachian) I'alve. He described eleven cases. In one of the cases, 
the network was responsible for the death of the patient. The patient was a 
man, age 2-1, who had extensive pulmonaiy embolism, the source of which was 
apparently a thrombus lodged in the fibers of the network. Although the term 
“Cliiari’s network” is sometimes used loosel}’’ for any of the networks or reticula 
which occur in the right atrium resulting from remnants of various valves, its 
proper usage should be restricted to the networks when thej' are remains of the 
eustachian valve. 

Anomalous remains of the various valves have been recorded in the medical 
literature a number of times. A complete review of the subject may be found 
in the exhaustive article by Yater,^ in which twenty-two cases of typical Chiari’s 
network from the literature are recorded. He described eleven additional cases 
of abnormal reticula in the right atrium, four of which were of the Chiari va- 
riety. The diagnosis was made Ity postmortem examination in all cases. Yater 
estimated that this anomaly occurs in 2 to 3 per cent of hearts which are other- 
wise normall}' developed. Helwig^ stated that it is found in 1.5 per cent of 
routine autopsy examinations. These reticular formations are iisuallj’’ not of 
clinical significance and produce no sj'mptoms nor signs. Alvarez and HeiT- 
mann' reported a case in which they thought a peculiar cardiac murmur might 
have been due to a Chiari network. Wilson'' recently reported a case of Chiari’s 
network a.ssociated with a murmur resembling the bruit de Roger, and suggested 
that this type of murmur might be a sign of this particular anomaly. 

1 he greatest significance of this condition is that it affords, in a certain number 
of ea.=cs, a site for the formation of thrombi on the threads of the network. This 
may result in pulmonary embolism. Yater states that, parado.xicalty, such a 
network may prevent the occurrence of pulmonary embolism b}’^ ensnaring an 
embolism from a vein. 

It is difficult to ascertain accuratety in chronological order, all of the events 
which jireccded the fatal embolic accidents experienced b}*^ this patient. Follow- 
ing operation an unexplained fever developed. Possible sources of infection 
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included the stump of the amputated cen% uteri and the urinaiy bladder which 
contained the indweliing catheter. In the course of this, m^'ocardial lipoid 
degeneration and central necrosis of the liver supervened. Thrombosis was 
thus favored and probably occurred on the web and threadlike reticulum of the 
right atrium. Thrombi from this source were detached, a few entering the 
pulmonaiy arteries and others passing thi'ough the patent foramen ovale to the 
ailerial circulation, from which the various embolic accidents developed. 

The gjmecologic conditions for which the patient came to surger}* Avere (1) 
metrorrhagia, related to a hjyjerestrin state and persistent proliferative endo- 
metrium; and (2) pathologic changes of the cerAUX uteri related to procidentia. 
The previous uterine sugjension altered the surgical procedure of choice, Avhich 
probabh' Avould otheiwise- have been Amginal hA’sterectom}’’ and colporrhaphy. 
The continued existence of procidentia, as in this case, is rather frequent and 
indicates the judgment Avhich is necessaiy, in selecting the operation for relief 
of this common gjmecologic condition, so that recurrence aatII not result. 
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EDIT0RIAIJ5 

Cardioltpix Lecithin Antigen 

Cardiolij/m lecithin antigen described by Pangborii's.is--' in 1941, is a brilliant 
new development in the serodiagnosis of sj'philis. 

The story of the search for the active antigenic factor in tissue extracts starts 
with the report of Marie and Levaditi,*’ in Februaiy 1907, ten months after 
the introduction of the Wasserniann test“ These investigators found that 
syphilitic spinal fluid gaA’e positii’e Wassermann reactions not onl}’’ with the 
carbolizcd saline extract of a sj'philitic liver and spleen, as specified, but also 
with a similar extract of normal human liver. Several months later, in jMaj', 
Weil"' reported positive reactions with mixtures of sj'philitic serum and carbolized 
saline extract of sarcomatous tissues. On the basis of his obseiwations and those 
of Marie and Levaditi, Weil cpiestioned the specificity of the Wassermann test. 
He thought that the reaction was due to some protein or other tissue element 
and not to spirochetal substance. 

Weil’s challenge led to intensive studies of the nature of the “antigen” for 
the Wassermann test and reports relating to it quickl 3 ’^ appeared in the litera- 
ture. Weygandt*'’ and Plant,-* in Julj', Michaelis*^ and Fleischmann,® in Sep- 
tember, and Braun and Weil,-^ on December 9 of the same year, reported the 
presence of an antigenic fraction in e.xtracts of normal organs and considered it 
to be a special protein substance. On December 12, Landsteiner, Muller and 
Potzl" published their revolutionaiy discovery that the active tissue factor was 
alcohol-soluble and apparentl}' a lipoid. On. the sixteenth of the same month, 
Wassermann-** reported that his associates, Porges and Meier, had found an ac- 
tive antigenic fraction in sj'philitic and in normal tissues that was alcohol-soluble 
and that pure lecithin also gave positive reactions with sj^philitic serum. On 
December 21, Levaditi and Yamanouchi*- corroborated the findings of Land- 
steincr and associates and of Porges and Meier. The latter investigators re- 
ported their findings in full in April 1908.“ As a result of these fundamentally 
important findings, stable alcoholic extracts of nonsj'philitic liver or heart (hu- 
man or animal) were routinelj- used as antigen in the Wassermann test and 
quicklj- replaced the carbolized saline extracts of sj'philitic tissues which, or- 
dinarily-, could be used satisfactorily- for five or six day-s only-. 

.‘Vftcr the discovery- that the active antigenic fraction was a lipoid and similar 
to lecithin, Noguchi and Bronfenbrenner,*' in 1911, found that the acetone in- 
soluble fraction of ether and alcohol extracts of animal and human livers and of 
animal hearts gave much more specific results in the complement-fixation test 
for syphilis than did the cnide alcoholic extracts. They- found that the acetone- 
soluble portion contained fats, fatty- acids, soaps, cholesterin and other sub- 
st.ances, possessed hemoly-tic and anticomplement ary- properties and, occasion- 
ally-, caused false positive Wassermann reactions. 

Continuing the .«earch for the active factor, Neymann and Gager,*** in 1917, 
reported a study- of the antigenic properties of the various phosphatides extract- 
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able from beef heart powder b}" the method of Erlandsen.’ According to the 
latter, ox heart muscle contains the follo^^'ing phosphatides: (1) monoamido- 
monophosphatide (lecithin-cephalin group; X:P = 1:1), (2) monoamido-diphos- 
phatide (cuorin; X:P = 1:2), (3) diamido-monophosphatide (secondary' lecithin; 
N:P = 2:1) and (4) diamido-diphosphatide (jecorin, protagon; X:P = 2:2). 
They found that the diamido-monophosphatide fx-action (in the secondary 
alcoholic extract) was by far the most potent antigenic lipoid pi*esent, binding 
complement in a titer of 1:12,800 whereas the next best antigenic lipoid, the 
lecithin fraction of the primai^" ether extract, bound complement onlj' to a titer 
of 1:800. This report influenced the serodiagnosis of S 3 ’philis for the next 
thirty 3 'eai*s. It rvas responsible for the use of antigens prepared by alcohol 
extraction of beef heart powder previously' exti-acted with ether and for the be- 
lief that diamido-monophosphatide was the most active antigenic lipoid present. 
These antigens and others containing the acetone-insoluble fraction of beef 
heart e.xtracts were employed in the standard tests in this coimtry*. Although 
they gave much better results in the serodiagnosis of syphilis than did plain or 
cholesterinized alcoholic exti*acts, thej' are found in the American Serological 
Conferences of 1934^ and of 1941-’ to give a large percentage of nonspecific 
results in leprosy (37.8 to 72.5 per cent) and in malaxla (8 to 19 per cent) and 
occasional nonspecific reactions in other conditions and in noimal individuals. 
Although the results were good with the standard antigens for sy^philis, it was 
clear to serologists that improvement was possible. 

The apparent end of the search for the active antigenic factor in tissue extracts 
that combines vith syphilitic reagin came with the masterful work of Pangbom, 
first i-eported in 1941.*^-^-“ Employinga method requiring many steps, Pangborn 
isolated from beef heart muscle, in essentially' chemically pure form, a previously 
unknown non-nitrogenous phospholipid and named it cardiolipin. In addition, 
from the same .source, by' rigorous methods of purification, she obtained lecithin 
free of impurities. Pangbom found that although cardiolipin alone and puri- 
fied lecithin alone were each serologically' inactive, certain mixtures of the two 
acted well as an antigen in a complement-fixation test for sy'philis. Subse- 
quently', Pangbom'^ offered the following ciiteria for standardizing cardiolipin and 
lecithin: 


LECITHI.X 

1. Gelatinous appearance in anhydrous ether, 

2. Concentrated ethei-al solution completely colorless, 

3. Contains not more than traces of alcohol insoluble material, 

4. Contains not more than 0.05 per cent nitrogen, 

5- Phosphorus content 4.18 per cent, 

G. Iodine number 115 or higher. 

EECITHIX 

1. Concentrated solution colorless, 

2. NP ratio, IX: 1.12 P, 
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3. Phosphorus content, 3.95 per cent, 

L Contains less than 0.05 per cent amino nitrogen, 

5. Iodine number 75 to S5. 

Recently Pangborm'’ reported the calculated formula of the sodium salt of 
cardiolipin as Cr.oHcosOi^PjNas (mol. wt. 2195) and the iodine number as 120-125. 

It nou' seems probable that the various phosphatides studied by Nejunann and 
Gager were not chemically pure and that the antigenic potency of the different 
lipoids they isolated depended upon the quantity of cardiolipin and of lecithin 
present. 

Although cardiolipin lecithin antigen has been studied by serologists in com- 
plement-fixation and flocculation tests for syphilis (including Ivolmer, Kahn 
and Kline tests) for the past six years only, all the reports' - 2 . r. s, o. lo. is. 23 
have been favorable, attesting to its purity, reproducibility in lot after lot, and 
to its stability. It has been found that the different tests require different quan- 
tities of cardiolipin and of lecithin for optimal results. 

The following three communications clearl}’- indicate the superiority of cardio- 
lipin lecithin antigen over present day standard antigens; Rein and Bossak,^ 
in January 1940, reported that cardiolipin lecithin antigen in the slide test gave 
re.sults of mucli greater specificity in cases of malaria than did the Kline antigen 
in the diagnostic and e.xclusion slide tests and the Mazzini antigen in the Mazzini 
test. Furthermore, the slide test with cardiolipin lecithin antigen gave results 
of greater sensitivity in syphilitic cases than did the Mazzini, Kahn, Kolmer and 
Kline diagnostic tests. 

In a report in February 1940," only 1 per cent nonspecific results was obtained 
witli optimal cardiolipin lecithin antigen in the Kline slide test on 101 serums of 
patients with malaria as against 8 to 24 times as many false positive reactions 
with one or other of the standard Eagle, Hinton, Kahn, Kline or Mazzini anti- 
gens in the same test. Furthermore optimal cardiolipin lecithin antigen in the 
slide test, gave more sensitive results in syphilitic cases than did Hinton, Kahn 
or Kline antigens. In addition, optimal cardiolipin lecithin antigen gave more 
sensitive results in the spinal fluid test than did the most sensitive test with Kline 
antigen. 

In a subsequent communication,"* it was reported that whereas the diagnostic 
slide test with Kline antigen in 8862 tests of general hospital and ambulatoiy 
patients gave 0.3 per cent false positive reactions, the test with optimal cardio- 
lipin lecithin antigen gave only 0.06 per cent nonspecific reactions. 

It should be mentioned that, like the standard antigens, cardiolipin lecithin 
antigen is not altogether specific in that it also gives manj^ false positive reactions 
in cases of leprosy-*-’ and with serums of many lower animals.® 

Kot withstanding the fact that chemically pure cardiolipin lecithin antigen 
is not completely specific for syphilitic reagin, the evidence already at hand in- 
dicat e.-^ that it is far superior to all present day standard antigen extracts and 
.should soon replace them. Furthermore, cardiolipin lecithin antigen, the best 
reagent for the detection of .sjqDhilis now known, may serve well as a base for a 
single standard blood test for the disease. It is not too much to say that Pang- 
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bora’s discover' is one of the most important contributions to the serodiagnosis 
of syphilis since the introduction of the Wassermann test. 

Cleveland B. S. Kline 
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Accuracy of Chemical Analysis ix Glixical Laroratories 

The Medical Rocicly of the State of Pennsylvania and the Pennsylvania 
Association of Clinical Pathologists are to be congratulated on undertaking sur- 
veys to check the accuracy of chemical analyses in clinical laboratories in their 
.state. 

The survey covered quantitative tests for glucose, sodium chloride, urea, cal- 
cium, total protein, albumin, globulin and hemoglobin. Most of these tests 
may be considered to be among the simpler t3-pes of biochemical tests and, 
ivhile it was to be e.xpected that some variation in results would occur, the degree 
of disparit.v of results was astonishing. This, however, has also been the usual 
cxiicrience in surveys of laboratories for accuracj' of serologic or bacteriologic 
tests. Such surveys, when periodicallj- repeated, have served the excellent 
purpose of increasing the accuracj' of results. 

Some 3*ears ago, the American Societv of Clinical Pathologists took the initia- 
tive in fostering, on a national basis, evaluation studies of serologic tests for 
s.vphilis which resulted in clarification of the problems involved in the use of 
such tests and in the adoption of recommendations for procedure and inter- 
pretation. At various times, the Societj- has also assigned to committees of 
experts chosen from among its members, the stiid.y of similar problems in neo- 
plasia, hormonologj', hematologj”, chemistrj', bacteriologj’' and mycologjL The 
Societ.v max’ thus render valuable service in formulating or helping to formulate 
recommendations for tcvminologx*, general rules of procedure, technics to be used 
and methods of interpretation. The conduct of survej’s is best assumed bj' 
State Pathologic Societies either alone or in cooperation with State Medical 
Societies. In the Pcnns.vlvania survej" it is encouraging to see how well the 
cooperating laboratories voluntarih' participated; for there was no compulsion 
or legal pressure such as might be exerted bj' State Boards of Health conducting 
similar surveys. It is to be hoped that the Pennsjdvania survej’’ will be peri- 
odicnll.v repeated and that survej's will also be made of other branches of 
clinical pathologx’. It is to be hoped, too, that other State Pathological Societies, 
or groups of State Pathological Societies in sparselj' populated regions, will follow 
the example of Penn.sylvania. 

T he cfToct of such periodic survc3's and of formation of committees on standard- 
ization is bound to mean a continuing increase in acciirac3'^ of clinical laboratory 
York, uhich permits increased accurac3’' 1 r clinical diagnosis, which in turn 
promotes the increased healtli of the patient. 
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Culture Expermcnh on the Intestinal Flagellates. I. Trichomonads and Other Flagellates Ob- 
tained Jrotn Man and Certain Rodents. D. H. Wexrich. J. ParasitoL, 32: 40-53, 1946. 

In growing flagellates the custom has been to make transplants at frequent intervals be- 
cause of the belief that the formation of noxious waste products plus the exhaustion of food 
supplies hindered their growth. Wenrich, instead of making transplants, adds water and 
nutrients to the tubes and finds the organisms grow better and surx-ive for much longer 
periods. His culture medium consists of Drbohlav’s modification of Pvinger’s fluid (XaCl 
6-0 gm., KCl 0.1 gm., CaGL 0.1 gm., XaHCOj 0.1 gm., water 1000 ml.) or ordinary* Ringer's 
solution with 0.8 per cent XaCI to which is added sufficient Loeffler’s dried blood serum 
(Difco) and dried gastric mucin (Ratcliffe, H. L., Proc. Soc. Exper. Biol, and Med., 31: 
602, 193-3-34) to make 0.2 per cent each. IVliere water is needed these ingredients are dis- 
solved in it; othernnse thex' are added as powder. 

Rochester, Xew Yorl: W. S. Thom.xs 

PIwsioloQii of Bacteria-Frce Trichomonas vaginalis. J. G.xrth Johnson*. J. Para.sitol., 

33: 189-200, 1947. 

This paper is a running commentary on seven x ears’ experience in the development of a 
more precise culture medium for tfiis organism. The author arrix’ed at a medium suffi- 
ciently optimum that one or two organisms seeded in 10 ml. of culture fluid provided several 
million in a limited period of incubation. His medium contains the following ingredients: 
cx'stine, peptone, liver infusion, maltose, human blood serum, modified Ringer’s solution 
(0.6 per cent XaCI) and a small amount (0.1 per cent) of agar. The optimum temperature 
was found to be from 35 to 39 C., the optimum pH from 5.5 to 6.0. and the maximum 
growth occurred in an o.\ygen-free medium. 

W. S. TnoiLts 

Further Experimental Studies on the Role of the Plasma Cells as Antibody Producers. M. 

Bjorxeboe, H. Gormsen* .xnd F. Lcndquist. J. Immimol., 65: 121-129, 1947. 

The senior authors, in previous communications, have reported evidence which they 
believe indicates that plasma cells are a source of antibodies. This report covers further 
investigation. 

It had been noted previously that in the fatty tissue of the renal sinus of highly im- 
mimized rabbits, there were large infiltrations of cells which were almost entirely plasma 
cells. In the present experiments rabbits were immunized for one to eight months with 
large doses of pneumococcic vaccine. Tissues were removed, frozen and ground and ex- 
amined for antibody content. Fatty tissue from the renal sinus containing large amounts 
of plasma cells was compared with fatty tissue from retroperitoneal fat and thvTnus. The 
amount of antibody in the adipose tissue from the renal sinus which was filled with plasma 
cells was much greater than was found in the other sources. 

These findings are interesting in that the current belief is that antibodies arise chiefly' 
from h*mphocv*tes. 

Dallas, Texas J. H. Bl.v.ck 

A Fatal Hemolytic Reaction Following Transurethral Resection of the Prostate Gland. C. D. 

CREEv-Er .VXD E. E. Webb. Surgerv*. 21: 56-66, 1947. 

Hemoglobinemia, jaimdice and progressive renal failure were noted in a patient following 
transurethral resection of the prostate. At autopsy, hemoglobin casts were found in con- 
voluted and collecting tubules. This and similar obserx'ations of hemolysis following such 
operations is explained by the authors by means of the following attractive hypothesis. 
During this type of operation, the field in the urinarx* bladder is kept clear and free of blood 
by irrigation with large amounts of sterile water. Saline cannot be used because it is a 
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poo<l conductor of electricity and would interfere with elect rocautery. The water lakes 
the lilootl and the considerable amount of pressure may, according to the authors, force 
Imth water and heinolyzed blood into the prostatic veins and then into the general circula- 
tion. The final cfTcct would be the same as a transfusion of incompatible blood ; a hemolytic 
tninsfusion reaction with manifestations indistinguishable from those in the patient re- 
ported here. The effect may be aggravated by other factors known to cause postoperative 
uremia: hemorrhage and hypotension due to loss of blood, both leading to vasoconstriction 
and pyelonephritis. 

The hypothesis sounds plausible and should be checked by those who have access to 
suitable urologic material. All that is necessary is to obtain a specimen of blood from such 
patient.s within a few hours after operation, employing the usual precautions for prevention 
of hcmolvsis- Hemoglobincmia would corroborate the thesis of this paper. Icterus index 
done twenty-four and forty-eight hours after operation may show a rise. Later, but only 
in the most .severe cases, renal failure may be observed with progressive oliguria and pro- 
pre.ssivc azotemia. 

The authors warn that such serious complications occur only in cases when an attempt 
is made to remove the gland to the capsule. 

Chiciifjo I- Davidsoun 

Further Ohsrrvation on Posi-Traclicoiomy, Mediastinal Emphysema and Pneumothorax. G. 

H. Fordks, G. S.ti.MOx AND J. C. HnnwEG. J. Pediat., 31: 172-194, 1947. 

Modiiistinal emphysema (25 iicr cent) and pneumothorax (10 per cent) complicating the 
post -tracheotomy state have engaged the interest of Forbes and his coworkers for several 
years. They suggest, as have others before them, that the emphysema is the result of 
forced inspiration in the presence of an inadequate airway and an open neek wound (trache- 
otomy). In their series, tracheotoinj' was performed for a variety of conditions. The 
pneumothorax is produced by the rupture of the mediastinal pleura by the overdistention 
of the mediastinum with air. Experimental studies on dogs, aided by the use of lipoidol 
and trypan i)hio as tracers, have confirmed their ideas about the genesis of emphysema and 
pneumothorax. 

To overcome the inadequate airway, some cases were provided with an indwelling bron- 
choscope or intubation tul)e loft in place during tracheotomy. There was 70 per cent 
greater incidence of mediastinal emphj-sema in the control group, and 8 times as much pneu- 
mothorax. Diagnostic x-ray studies were done in many instances to rule out pre-operative 
spontancou.s emjdiysema and pneumothorax. 

Fori Wayne, Indiana S. M. Rabson 

Hole of licmuconccntration in Production of Gastric and Duodenal Ulcer Following Experi- 

mintal Burns. S. R. Fuiksex and O. H. Wange-SSTEen. Proc. Soc. Exper. Biol, and 

Med.. 64: S1-S5. 1947. 

Kecent studies (Kapsinow, R.: iSouth. ^I. J., 27: 500, 1934) on the production of gastro- 
duodenal ulcer have suggested hemoconcent ration as a responsible agent. Others (Hart- 
man, I . Gastroenterol., 6: 1.30, 1940) have discussed the role of sepsis. In the present 
in.^tance. Frie.-en and Wangensteen immersed healthy barbiturate-anesthetized dogs in 
water at 100 C. for ten to fifteen seconds to produce 40 per cent, third degree burns. An- 
othei series of animals received, in addition, histnmine-in-beeswa.x injections shortly before 
immer.sion. A t bird group was distinguished by the supplementarv prevention of hemocon- 
ceiitralmn by intravenous infusions of plasma (with and without glucose, saline, etc.). 

The authors conclude that hemoconcent ration is an important factor in the etiologj' of 
ulcer after burns. Histamine administration increased the incidence of ulcer. Prevention 
of hemoconcentration by proi>cr therapy was an ulcer-prophylactic, even in those cases 
n liere histamine had been employed. Gaslro-intestinal congestion, erosion and ulceration 
in tiurns, then, may be indices of the adequacy of therapy. 


S. M. Rabso.v 
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Hislopalhology of the Gastric Semisfjuamous Epithelial Layer. Fbederic Dueax-Joeda. 

Surg., GjTiec. and Obst., 84: 9S8-9S9, 1947. 

Duran-Jorda demonstrates the histopathologj' of gastro-intestinal erosions and ulcers 
vrilb reference to the seraisquamous epithelial layer. The existence of such a layer has 
been well substantiated by the author in an article published in The British .Journal of 
Surger 3 ', 33: 846-352, April 1946, entitled "A Micro-Incineration Stud 3 - of the Flat Epithelial 
La 3 'er Covering the Alimentar 3 ' Tract”. He describes the technic of formalin vapor fixa- 
tion of fresh specimens and the micro-incineration of the tissue to prove that this la 3 'er is 
not an artefact or mucous debris. Through serial sections, altemateh' emplo 3 'ing hematox- 
3 'Iin and eosin stains, micro-incineration and mucin stains. Dr. Duran-Jorda proves the 
existence of such a la 3 'er covering the inner surface of the entire gastro-intestinal tract, 
vermiform appendix and gallbladder. 

Using fresh surreal specimens and formalin vapor fixation, a stud 3 ' of erosions, preulcer- 
ative lesions and ulcerations showed the semisquamous epithelial lav’er to be involved before 
anx" histologic changes occurred in the mucous membrane. The lesion in the semisquamous 
epithelial lax-er is an infiltration of round cells and poKanorphonuclear Ieukoc 3 'tes from the 
semisquamous layer. Cellular bridges extend to and between the mucous glands. 

In gastric ulcers the semisquamous epithelial layer is missing except at the crater’s 
edge. Healing of the ulcer begins with growth of epithelium from the edge and finalh* 
bridges the ulcer. The mucous membrane below projects finger-like groups of cells to form 
new glands and fill in the gap. The differentiation of preulcerative and postulcerative 
lesions depends on the absence or presence of a health 3 ' semisquamous epithelial la 3 'er. In 
the latter this lax-er is present but without cellular bridges linking the mucous membrane. 

A thorough studx' of this la 3 ‘er in relation to gastro-intestinal carcinoma has not been 
completed, but preliminarx- studies suggest that the mucous membrane is first inx-olx'ed bx- 
neoplastic changes. Erosion through the semisquamous epithelial la 3 ’er occurs much later. 
The abstracter suggests that this ma 3 ' prox-e a x-aluable adjunct in determining whether the 
carcinoma arises in a peptic ulcer or in the absence of prex-ious ulceration. 

Detroit 0. A. Beixes 

Epidemic Diarrhea of the Xewborii in Massachusetts. A, D. Rubexsteix .and G. E. Foeey- 

New England J. hied., 236: 87-94, 1947. 

The etiologx* of epidemic diarrhea of the newborn has not been determined. Shigellae, 
salmonellae, A. aerogenes, E. coli, protei, alpha and gamma streptococci, Ps. aeruginosa, 
moniliae and filtrable agents hax'e been blamed. The authors anah'se 2.5S cases of such 
diarrhea as reported and inx-estigated in Massachusetts during the last ten x-ears. 

Nineteen outbreaks, causing So deaths (.33 per cent), were studied. Premature infants 
showed a higher mortality. Ox'ercrowding, insufficient personnel, general use of a common 
rectal thermometer and inadequate superxdsion of formula-making xvere frequentlx' encoun- 
tered. Laboraterx" examinations of so-called “sterilizing solutions”, including alcohol, 
thermometer dips, formulas and utensils showed heaxw bacterial contamination. The in- 
effectix’cness of disinfecting solutions, as alcohol and bichloride of mercur 3 ', was illustrated 
b 3 ' experiments demonstrating that with the addition of small amounts of protein these 
solutions actualh- support bacterial growth. 

In sex-eral outbreaks apparentlx' identical. Staph, aureus, D group and A group strep- 
tococci were isolated. Group D streptococci xvere frequenth* encountered in the throats 
of infants with epidemic diarrhea. This suggests that, as a result of poor nurser 3 - technics, 
infants ma 3 ' be exposed to organisms normall 3 ' present onl 3 ' in the intestines. 

JVhile the authors ax'oid drawing conclusions as to the etiologic factor of epidemic diar- 
rhea of the newborn, this paper is a x'aluable study of nurserx- sanitation and throws much 
light on methods of spreading such infections. 

San Juan, Puerto Rico 


O. Felsexeeld 
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('I’viporniirc Disirihution nud Possible Pathogenicity of Paracolohactrum Species m an circa 

Jlighlu Kndrmirfor Enteric Infections. W. B. Chbistzxsex. J. Bact., 63: 317-324, 1947. 

Ill this paper, tlie nomenclature for paracolon organisms as proposed by Borman ct at. is 
iK'inp tjsed. The investigations were carried out in North Africa. Hospitalized patients, 
.American troop." and Arab food handlers were examined. Of the stools from patients suf- 
fering from diarrhea, 81.1 iter cent harbored paracolon organisms, while only 47 per cent of 
persons without abdominal disturbance had stools containing these microbes. Paracolo- 
haetrums were classified according to the scheme of Stuart ci al. One txpe. Paracolon 
aerogcries, which did not form hj-drogen .sulfide, produced urease, fermented gelatin and 
.c.'iiicin slowly. sucro.«e rapidlj', was mostly motile, showed a t}’pical IMA iC reaction, was 
most frequently encountered in diarrheic. stools from which salmonellae or shigellae could 
not he isolated. Most of these strains were serologicalh* identical. The author believes 
that this type is pathogenic in the area which he studied and he joins Parr, ^A eil, Stuart ei 
a!., Neter, Young and others in considering paracolon organisms as possible pathogens. 

Thi.c paper is an excellent contribution to the discussion of organisms of doubtful patho- 
genicity. While it is based on a relatively small series of observations, great care was taken 
in the serologic and biochemical identification of the microbes. 

O. Felsenfeli) 

Comparison of the 0-GUicuronidasc Activity of Normal, Tumor, and Lymph Node Tissues of 

Surgical Patients. W. IT. ITshm.^n .vxd A. J. An’ey.vx. Science, lOG: 66-67, 1947. 

Determinations of the activity of ^-glucuronidase were performed in malignant tumors 
and in their normal matrix. Significant elevations of the enzymic activity were noted in 
carcinomas and sarcoma of the breast and in some carcinomas of the gastro-intestinal tract. 
•Also, lymph nodes with metastatic involvement contained higher amounts of the enzyme 
than uninvolved nodes of the same patient. Benign tumors showed no increase of the 
enzyme. 

The material presented is small, fourteen primary and three recurrent malignant tumors, 
four inetastase.e to I\-mph nodes, but the fact that all but three of the primarj’ neoplasms 
exhibited the enzymic alterations makes it likeh- that a new biochemical characteristic of 
malignant tumons has been demonstrated. 

^-glucuronidase catah-zes the conjugation of glucuronides, among which estrogen glu- 
curonides play an imitortant part. Hence further investigations will be required to eluci- 
<Iate the significance of this enzj-mic dexd.ation in neoplasms and its possible relationship 
to hormonal factors. 

Chicago Kurt Sterx 

/;inr(!!fifio;i of the Virus of Infectious Hepatitis in Drinking ll’ofcr. J. R. Neefe, .1. B. 

H.mt, j. G. Rei.vhoui .\xd ,1. Stokes, ,Ir. Am. ,1. Pub. Health, 37: 365-372, 1947. ' 

Goagulation. setting and filtration of contaminated water did not eliminate or inactivate 
the heitatitis virus, as the disease developed in 40 per cent of volunteers who ingested such 
treated water. Neither was the coutamin.atcd water disinfected to proxdde, bj' sufficient 
chlorine, after thirty minutes of contact, a concentration of 1.1 p.p.m. total and 0.4 p.p.m. 
free residual chlorine. However , thirty minutes of chlorination of the contaminated water 
prelreatcd by coagulation, setting and filtration did inactivate the virus. 

Demonstration of Ilonncsis (Increase in Fatality Hate) by Penicillin. W. A. R.^XDArm .and 

IT. Wnixrn. Am. .1. Pub. Health, 37: 421-125, 1947. 

It tta." observed that in white mice infected with E. typhosa, penicillin in certain doses 
e.xened a hermetic (stimulating) influence on the fatality rate, which was not due to im- 
purities in the drug, but .seemed to be c.au.sed by an in vivo stimulation in growth of the 
infecting organi.sni. 
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Excer])ta Mcdica. Section XII. Ophthalmology, Section XIV, Radiolog}'. Amsterdam, 

Tlie Xetherlands: Excerpta Mecica Inc., 1947. 

Excerpta iMedica Incorporated of Amsterdam is preparing a series of abstract journals 
covering the whole field of medical science. The abstracts are written in English and are 
edited in the Xetherlands. The chief editors are Professors W. Woerdeman, anatomist, 
A. P. H. A. De Kleyn, otolaiyngologist, and W'. P. C. Zeeman, ophthalmologist, all of the 
University of Amsterdam. Each of the fifteen sections has separate editors, experts in 
their fields from various countries, including the United States. They will be assisted by 
a staff of technical assistants and linguists. 

According to the prefaces of the sections the first objective is completeness. The princi- 
ple adopted is to prepare for publication in each section ever}* article on the subject appear- 
ing in the medical literature of the world. The second objective is to prepare informative 
abstracts. To insure this the work of abstracting is placed in the hands of competent 
specialists, and all published abstracts will bear the signature of the abstracters. In the 
section on Radiolog}- no mention is made of books, but the section on Ophthalmolog}' con- 
tains a summary of a Russian monograph, and presumably at least some book or monograph 
materia! will be abstracted. The third objective is to publish the abstract as soon as pos- 
sible after the article is published, but in the issues which will make up the first volume of 
each section there may be articles dating back as far as 1940. The editors state that the 
reason for this is the inaccessibility of the articles appearing during the years 1940-45 and 
the importance of some of the work published during this period. 

Of 146 abstracts in the section on Radioing}', 65 are from .American journals, 49 from 
British, 17 from Scandina^-ian, 9 from Swiss and only 6 items from all other sources. Xo 
abstracts from German literature are included. This omission is serious for .American users, 
and since the index is in English it is no doubt expected that most subscribers will be English- 
speaking. Presumably, this omission will be corrected when the German literature becomes 
more readih' available. 

The length of the abstracts varies considerabh* from one line to well over a page. The 
abstracts are collected under certain headings which, of course, will make it easier for the 
specialist to find the material in w'hich he is most interested. .\n author list appears in 
each number. Each journal is to be issued monthly, is to have one or two volumes a year 
depending on the amount of material, and each volume is to have an index. 

If the journal can take the place of the German Zentralblatter and Berichte as it hopes 
to do, the venture will be very worth while. If it cannot, it will no doubt die a natural 
death, and the field of clinical medicine will still need an abstract ser\ice. 

Medical Science Department, Public Library M.-vrjorie J. D.vrrach 

Detroit 

Die Milzpnnkiion. Tecimik, klinisch-diagnostische und hamatologische Ergebnisse. By 

Sven Moeschlix, Privat-dozent an der medizinischen Fakultat der Universitat Zurich. 

205 pp., 55 figs. 32 tables. Bound, 30 francs. Basel ; Benno Schwabe and Company, 1947, 

This monograph deals with the technic, diagnostic and hematologic aspects of splenic 
puncture. It is based upon ISO punctures which are critically compared ■with those of other 
authors. The author states that he advocates splenic puncture as an adjunct to, but not 
as a replacement for sternal marrow and h-mph node puncture. 

In the introduction, he explains that this method, with proper technic and indication, 
is entirely free from danger pro\iding the following conditions are adhered to; 

1. The spleen must be definitely enlarged. 

2. It is contraindicated in cases of hemorrhagic diatheses. 

3. Splenic puncture should not be undertaken in a freshly septic, or in a painful spleen. 

4. Xumbed patients should not be punctured. 

5. It should be done only under rigid aseptic conditions. 
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The puncture should be done in the region of the inner half of the ninth or tenth inter- 
costal space a little more lateral or more medial, during deep inspiration, according to the 
size of the splenic outline. 

He utilizes a needle from 12 to 15 cm. long with a diameter of 1.2 to 2 mm. with a cannula 
and a rider, and a tight fitting 20 cc. Record syringe. Where a specific needle is not attain- 
able, a lumbar puncture needle may be used. 

The material must be quickly blown out of the needle as it clots even more quickly than 
sternal marrow. Smears are stained with Giemsa’s method and particles of tissue embedded 

in paraffin. . - i. , 

After the puncture, the patient should remain flat on the back for one hour, then in bed 
for six hours longer. In 180 punctures, there was no instance of hemorrhage. The only 
symptom was a complaint by' some patients of a slight pain in the left shoulder region on 
respiration lasting from one-half to one hour. In only three patients did it last for two 
to three days. This was controlled with a dilaudid suppository. The puncture itself is 
painless, providing the anesthesia is properly carried out. 

Then follows a discussion of the types of cells found in splenic punctures with a descrip- 
tion of each cell, beautifully illustrated by photomicrographs and water color, in various 
types of splenomegaly, in infections including infectious hepatitis and brucellosis, as well 
as in the leukemias and reticuloses. 

The author divides the reticuloendothelial cell-forms of the splenic puncture into the 
following groups: (1) serosa cells, (2) pulp cells, (3) small lymphoid reticulum cells, (4) 
macrophages, (5) tissue mast cells, (6) plasmacellular reticulum cells. 

Splenograms of normal spleens and of the various splenomegalies are presented. It is 
pointed out, for example, that during remission in hemolytic anemia where the only re- 
maining symptom is splenomegaly, a splenic puncture showing many hemosiderin macro- 
phages and the presence of individual erythroblasts without inflammatory changes, leads 
to the diagnosis of latent hemolytic anemia. 

The text is amply illustrated with 119 figures, fifteen of which are in color. 

NeivarkjN.J. Samuel A. Goldberg 

Diseases Transmiiled from Animals to Man. Ed. 3. By Thomas G. Hull, Ph.D., Director, 
The Scientific Exhibit, American Medical Association, Chicago. 571 pp., 75 illus., 67 
tables. S10.50. Springfield, Illinois; Charles C Thomas, 1947. 

The medical man is greatly' indebted to Dr. Hull for this up-to-date information in a 
field so important to the physician and the veterinarian. The author was assisted in this 
work by' a group of fourteen contributors, who are specialists in their field. Six of them are 
phy'sicians, six are veterinarians, one has both degrees and one is a doctor of philosophy. 
Each disease is presented with a brief historical background and with enough bacteriology, 
pathology and clinical data to round out the information for the average reader. The main 
emphasis is on epidemiology' and the means by which the disease can be prevented. Hatu- 
rally anyone desiring complete data on any specific disease would want to consult other 
works. New chapters have been added, since the last edition, on rickettsial and virus 
diseases. This is specific evidence of the fact that this book is up-to-date since much of 
this information became available only during the past war. This book should be a very 
valuable and useful addition to the library' of every physician, veterinarian, public health 
worker and scientist. 

East Lansing, Michigan g 

Cancer: Diagnosis, Treatment, and Prognosis. By Lauren V. Ackerman, M.D., Patholo- 
gist to the Elhs Fischel State Cancer Hospital, Assistant Professor of Pathology, Wash- 
mgton University School of hledicine, St. Louis; and Juan A. del Regato, M.D., 
Radiotherapist to the Ellis Fischel State Cancer Hospital, Formerly Assistant to the 
Radium Institute of the University of Paris. 1115 pp., 749 illus., 42 in color. $20.00. 
St. Louis: The C- V. Alosby Company, 1947. 
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It has become apparent during the last two or three decades, that, barring new funda- 
mental discoveries, improvement in the treatment of cancer can be achieved mainly by the 
cooperative effort of teams composed of clinicians, surgeons, radiologists and pathologists. 
This conception has found its expression in the development of tumor clinics, mainh' 
through the sponsorship of the American College of Surgeons. In the course of time a new 
specialty has begun to evoU-e, the cancer specialist. At first glance, this specialty seems 
to be inconsistent with the underhung xuew of tumor clinics, that is, that treatment of 
cancer is not one man’s job. This contradiction is more apparent than real. In reality 
the need for teamwork remains; the new specialist is something of a general practitioner of 
cancer, who remains in need of special skills possessed bj- surgeons, radiologists and patholo- 
gists. This book is designed to serve primarily the needs of the cancer specialist, but every 
ph\-sician, be he general practitioner or specialist in any field, will find here a summary 
of up-to-date information on cancer. 

The finst part, comprising five chapters, deals with general aspects of cancer research 
(by Dr. Shimkin of the Xational Cancer Institute), of patholog\', surgery', and radio- 
therap 3 ’. The fifteen chapters of the second part take up cancer of skin, respiratorj* and 
upper digestive tract. thjToid, mediastinum, digestive tract, genito-urinarj- tract, male gen- 
ital organs, suprarenal glands, female genital organs, mammaty gland, bone, soft tissues 
and eye, Hodgkin’s disease, and leukemia. Tumors of the brain have not been included. 
The topics of the second part cover the following phases of every subject: anatomj* (with 
special emphasis on h-mphatics), incidence and etiologx', pathologv', clinical evolution, di- 
agnosis, treatment, prognosis, and selected references. 

Space allotment is quite uneven, for instance, 2S2 pages have been given to cancer of 
the respiratorj' sj’stem and upper digestive tract, and onlj* 48 to cancer of the breast, and 
42 to cancer of the bone. The disparity is explained in the preface “b\' the desirabilitj* 
of information in certain rare subjects and b^' the necessitx' of greater knowledge on some 
aspects of the more curable forms of cancer”. 

The presentation is excellent. Fine editing is evident on everx' page. The illustrations 
are instructive and well integrated with the text. The correlation of photographs of roent- 
genograms alongside of photographs of gross pathologic findings is carried out throughout 
the book to great advantage. The same holds for the manj* well executed diagrammatic 
drawings. 

The pathologist will find in this volume good treatment of gross pathologic findings, 
in addition to much other invaluable information. He can ill afford to miss it. 

Chicago I. D.\^^DSOH^• 

Analomia Paialogica de las Indamacioncs Espedjicas. By R.\.miro Pico Duni , Docente fibre 
de la catedra de anatomia y fisiologica patalogicas de la Facultad de Ciencias Medicas 
de Buenos Aires, jefe del laboratorio de anatomia patalogica del Hospital .\rgerich. 189 
pp., G2 figs., 6 tables. Buenos Aires: Lopez and Etchego\-en, S.R.L., 1946. 

This is one of a collection of monographs which honors the name of the late Pio Del Rio 
Hortega. Tlie monograph covers syphilis, leprosj-, actinomj'cosis and tuberculosis in the 
order named. In verv readable form, especiallj- for students, the author has marshaled 
the authoritative information on these four specific infectious diseases. He has limited 
himself to the etiologx* and underhung biologic and anatomic pathologj- omitting diagnostic 
procedures and therapj-. His treatment of these has been didactic and for claritj- and 
bre\'ity he has minimized the presentation of conflicting opinion. There is little that is 
actualh* new. 

In the section on leprosy, he has analyzed the various classifications of the clinical disease 
and has oriented them with the underhung histopathologic and immunologic findings which 
form the basis of the “South .American Classification”. This classification, like most oth- 
ers, recognizes three groups: (1) lepromatous; (2) tuberculoid; and (3) noncharacteristic, 
and each of these has three subgroups, viz., cutaneous, nervous and cutaneonervous. 

In the chapters on tuberculosis, the author, in similar manner, discusses the relation 
of immunity and allerg 3 ' to the anatomic manifestations of the disease. 
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The monograph is printed on a good grade of paper and most of the photomicrographs 
are both well chosen and well reproduced. There is a comprehensive index but there is no 

‘"’SSfoS GEE^rAIN 


The Murine Type of Tubercle Bacillus (The Vole Acid-Fast Bacillus). Medical Research 
Council Special Report Series No. 259. By A. Q. Wells, with Notes on the Morphology 
of Infection by the Vole Acid-Fast Bacillus by A. H. T. Robb-S.mith. 48 pp., 13 plates, 
10 figs., 16 tables. 2 shillings. London: His Majesty’s Stationer3' Office, 1946. 
Tuberculosis in the wild vole, Microtus agreslis, was reported in 1937. The disease has 
been identified in more than 900 small mammals of four different species. Distribution of 
lesions, route of infection, duration of disease, bacterial characteristics, tuberculin produc- 
tion, antigenic structure, pathogenicity and immunization experiments with the vole bacil- 
lus are described in detail. The vole bacillus produces a resistance to subsequent infection 
with virulent tubercle bacilli in animals. The resistance in guinea pigs is not immunity, 
according to Wells, but the time interval between onset of infection and death is increased 
considerabljL The degree of resistance in cattle has not yet been determined. To plan 
a controlled experiment in tuberculosis vaccination in man is so difficult as to be virtually 
impossible. The relative merits of BCG and the vole bacillus as antigen are discussed. 
It appears that the latter is incapable of producing other than localized disease; that the 
safety of BCG appears to be bej'ond dispute; that the local reaction from the vole bacillus 
in man is dependent on the depth of injection (a multiple puncture apparatus is described) 
that the reaction resembles the local reaction to BCG and in no case has the reaction been 
severe; that the vole bacillus produces tuberculin sensitixnty on injection; that the degree 
of induced resistance appears to be greater in guinea pigs for the vole bacillus than for the 
BCG in the early stages of tuberculosis and about equal in the later stages; that in cattle 
the vole bacillus may confer more resistance than BCG; and that no e\'idence is available 
in man. The vole bacillus has not been made avirulent in vitro but possesses naturally 
a suitable virulence for vaccination, and virulence for voles can be maintained indefinitely 
by passage. Robb-Smith contributes a morphogenetic analj’sis of the tissue changes 
induced by mycobacteria in the vole. 

For those interested in vaccination with the vole bacillus and an authoritative study 
of this new member of the Mycobacterium group (the first described for nearl3* forty years), 
this contribution will be of special benefit. 

Denver H. J. Corper 


Standard Methods of the Division of Laboratories and Research of the Xcio York State Depart- 
ment of Health. Ed. 3. By Augustus B. Wadsworth, M.D. 990 pp., 105 figs., 77 tables. 

810.00. Baltimore; The Williams and Wilkins Compan3’, 1947. 

Changes have been made in nearly all sections in the third edition of this book. One 
of the more important revisions has been made in the routine methods for the serodiagnosis 
of syphilis. Here, detailed procedures are given for the preparation and standardization 
of the new cardiolipin-lecithin-cholesterol antigen. A chapter on the estimation of potency 
b3' biologic assa3' is added. 

The text is divided into 75 chapters and an appendix. The first twelve chapters are 
devoted to general laboratory procedures including general bacteriologic technic, prepara- 
tion and use of stains and reagents, care and breeding of laborator3' animals, maintenance 
of type culture collection, determination of h3'drogen-ion concentration, methods of quan- 
titative chemical anal3'sis and precision tests, methods for volumetric calibration and micro- 
volumetric measurement, a discussion of spectroscopic methods and an outline for biologic 
assay. Chapters 13 through 16 are devoted to the preparation of glassware and bacteriologic 
mediunis. Chapters 17 through 38 take up the methods used in the diagnostic laboratories 
^1 ^ Department of Health. Their bacteriologic, serologic, parasitic, 

chemical, hematologic and histologic procedures are described. A short chapter is included 
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on examination for incitants of food poisoning. Chapter 30 gives a detailed account of 
serologic tests for evidence of syphilis, tuberculosis and gonococcus infections. From the 
standpoint of the public health laboratory', chapters 39 through 42 give helpful outlines 
for the examination of water and sewage, milk and cream and of samples concerned with 
restaurant sanitation. The final chapters are devoted largely to the methods used in the 
antitoxin, serum and vaccine laboratories. 

Provisions of the Xew York State laws and sanitary code relating to approved labora- 
tories, and protnsions of the public health law and sanitary' code relating to pathogenic 
microorganisms and r-iruses are listed in the appendix. Outfits, together with blank forms 
and directions, are described for the submission of specimens. Postal laws and regulations 
relating to shipment of various specimens are also given. The index is complete. 

The paper and print are of good quality, the headings and subheadings are helpful, while 
the direct style of the text makes it easily understood and readable. As a reference book 
for the large hospital laboratory and public health laboratory, this book is ideal and can 
be recommended without reserx'ation. 

Forensic Medicine. By Keith Si-Mpsox, AI.D., Lecturer in Forensic Medicine to Guy’s 
Hospital, London, Examiner in Forensic Medicine, University of London. 3.34 pp., 114 
figs. $4.50. Baltimore; The IVilliams & Wilkins Company, 1947. 

This concise textbook "designed to provide a brief and essentially practical guide, from 
an English school, to current teaching in forensic medicine”, has been well done. It is 
attractive, adequately' illustrated and well written. .At appropriate places in the te.xt, 
there are useful tables, technics and tests which are outlined briefly and clearly. .A number 
of illustrative cases from the author’s own experience, usually set down in a few sentences, 
serves to increase the interest of the reader. .A section, consisting of S6 pages, deals rather 
fully with all types of poisons. It includes discussions of sources of poisons, signs and 
symptoms, treatment, fatal doses and autopsy appearances. 

Like so many of the English writers of medical books, the author has a delightful style 
which lures the reader on. .At the same time, the material is presented in a logical, lucid 
and factual manner. This is one of the better books on the subject of medicolegal pathology 
and is highly recommended. 

The Pharmacopoeia of the United Slates (The United States Pharmacopoeia), Thirteenth 
Re%'ision, U.S.P. XIII. Prepared by the Committee of Rernsion and published by the 
Board of Trustees by authority of the U. S. Pharmacopoeia! Convention meeting at 
Washington, D. C., May 14 and 15, 1940. 957 pp., 12 figs., 23 tables. $8.00. Easton, 
Pennsylvania: ilack Printing Company, 1947. 

The first portion of this rerdsion, occupying 107 pages, includes a listing of the names of 
all persons and organizations officially concerned with the rerision and the history of the 
United States Pharmacopoeia. It also includes articles added to the L*.S.P. XIII and ar- 
ticles official in the L'.S.P. XII, but not admitted to the U.S.P. XIII. The main portion 
of the Pharmacopoeia contains general notices applying to the Standards of the U.S.P., 
and some 600 pages devoted to monographs on drugs, chemicals and preparations. .An 
important innovation is the listing of each drug under its official English title. Below the 
title follow the Latin name, abbreviation, popular name, chemical and structural formulas, 
molecular weight, descriptions, solubilities, identification, content of ash, foreign organic 
materia! and moisture, and, where indicated, such information as optical rotation, insoluble 
residue, loss on drying, residue on ignition, melting range, heax-y metals, water absorption, 
clarity of dilution, specific gravity, assay, directions on packaging and storage, other cau- 
tions to be observed and average dose by various methods of administration. 

.A very valuable section, comprising 114 pages, then follows on general tests, processes 
and apparatus dealing with such subjects as alcohol determination, anti -anemia prepara- 
tions, arsenic tests, ascorbic acid assay, bacteriologic examination of gelatin, carbon dioxide 
absorbency of soda lime, chromic acid cleansing mixture, clarity of parenteral solutions, 
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suggested types of glass containers for preparations for injection, standards for light trans- 
mission of containers, diameters of sutures, dithizone test for lead, emulsions, extracts, 
fats and fatty oils, fiber length of cotton, fineness of powder, hardness of soda lime, hea\'y 
metals test , general identification tests, official medicine dropper, melting range or tempera- 
ture, nicotinic acid or nicotinamide assay, Kjeldahl method and semimicro-Kjeldahl 
method, optical rotation, p3'rogen test, refractive indexes of some U.S.P. cr3’stalline sub- 
stances, riboflamn assa3', sterilit3’ tests for liquids and solids, sterilization processes, tensile 
strength determination, thiamine assa3', turbidimetric tests, methods for sampling and anal- 
3’sis of vegetable and animal drugs, ^'itamin A and Vitamin D assa3's. 

Another section of 57 pages deals with reagents, test solutions, colorimetric solutions, 
indicators, volumetric apparatus and solutions, hydrogen ions and pH. The final section, 
comprising 49 pages of tables, includes atomic and molecular weights, thermometric equiv- 
alents, calibration of glass measuring apparatus, weight and volume relations, equivalents 
of weights and measures, equivalents of linear measures and conversion tables. 

The Pharmacopoeia represents a vast store of up-to-date authentic chemical data. If 
medical workers acquired an appreciation of the extensive amount of useful information 
contained in the Pharmacopoeia, man3- of them would consult it more frequentl3'. 



NEWS AND NOTICES 

Conference on NoitENCEATURE of the Rh Factors 

The Surgeon General of the United States Public Health Ser\-ice has appointed an 
adi-isorj- board, whose function will be the designation of proper names for the several 
anti-Eh blood typing serums licensed under the Biologies Law. The goal is to have the 
board recommend a s 3 -stem of nomenclature which will be adequate to cover this phase of 
human genetics, and of equal importance, one which can be readily adapted to clinical use, 
medical teaching and laboratorj' diagnosis. The members of the board are: Dr. William 
B. Castle, Jr., Professor of Medicine, Harvmrd iledical School; Dr. !MaxwelI il. Wintrobe, 
Professor of Medicine, University of Utah; and Dr. Laurence H. Snyder, Professor of 
Medical Genetics, University of Oklahoma. 

A conference on this subject was held on October 20 and 21, 1947, at the Hotel Statler, 
Washington, D. C. The following speakers were listed on the program; Dr. M. V. Yeldee, 
Dr. Laurence H. Snyder, Dr. Alexander S. Wiener, Dr. Philip Levine, Dr. H. H. Strandskov, 
Dr. Joseph M. Hill, Dr. Louis K. Diamond, Dr. Elmer L. DeGowin, Dr. Warren E. W’heeler 
and Dr. Ernest W'itebsk}*. 

Intern.ational Conference of Ceinicae Bioeogt 

The First International Conference of Clinical Biology is scheduled to be held November 
20, 21 and 22, in Paris, under the auspices of the Societe Frangaise de Biologie Clinique. 
The morning sessions vill be devoted to observing demonstrations at various hospitals 
throughout Paris, while the afternoon sessions will be held at the Hopital des Enfants 
Malades. Dr. L. Durupt is general secretary of the Society. 

Pe.nnsyevania Associ-ation of Clfnicae P.athologists 

A meeting of the Penns 3 -lvania .Association of Clinical Pathologists, was held at the 
Hotel Roosevelt, Pittsburgh, September 12 to 14, inclusive. A scientific session was held 
September 13, at 2:00 P.M., and the following papers were presented: Thromboembolic 
Diseases — Experimental and Clinical .Aspects, Dr. K. Y. Yardumian, Dr. Richard E. 
Rosenfield and Dr. Harold S. Tuft; Studies of the Reticulum in Carcinoma of the Skin, 
Dr. Paul Gross; Important Considerations in Graduate Laboratorj' Training, Dr. Samuel 
R. HaA'thom; and Obser\'ations on Tissue in Patients Treated with Nitrogen iMustard, 
Dr. G. H. Fetterman and Dr. G. J. Kastlin. The officers elected for the coming j-ear are: 
Dr. Frederick O. Zillessen, Easton, president; Dr. Theodore R. Hembold, Pittsburgh, vice 
president; and Dr. Heniy* F. Hunt, Danville, secretar\--treasurer. 

Minnesot.a Society of Clinic.al P.athologists 

The annual meeting of the ^Minnesota Societx' of Clinical Pathologists was held in Duluth 
on Juh' 1, 1947, during the annual session of the Minnesota State Medical Association. 
Nineteen members and several guests were in attendance. 

The following scientific program was presented; Bone Marrow Studies, Dr. Gertrude 
Lorna Pease, Rochester; ParathxToid .Adenoma, Dr. Harold Joffe, Duluth; Some Problems 
in Diagnosis of Cocci dioidomj'cosis. Dr. L\'le Weed, Rochester; The Use of Xanthj-drol to 
Demonstrate Uremia in Tissue Sections, Dr. W'. V. Knoll, Duluth; Carcinoma (C\'lindroma 
Tj'pe) of Bartholin’s Gland of 23 Years’ Duration, Dr. George Sayre, Rochester; Tumors of 
the Parotid and Submaxillan.- Region, Dr. T. E. Ludden and Dr. Edith Parkhill, Rochester. 

This program was followed bt' The A. H. Sanford Lecture, which was delivered bj' Dr. 
E. T. Beil, Minneapolis, on Pathologj' of Diabetes, at the Duluth .Armorx', before the general 
session of the Minnesota State iledical .Association. The A. H. Sanford Lectureship, in 
honor of Dr, A. H. Sanford, Rochester, was established by the Societj" and dedicated to the 
Minnesota State Medical Association. 

In the evening, an informal dinner partj- was tendered by Dr. and Mrs. A. H. Wells at 
their home, and a delightful social hour was enjoA-ed. 
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The following officers and honorarj' members were elected : President, Dr. A. H. Baggen- 
stoss, Rochester; Vice President, Dr. Robert Hebble, Minneapolis; Secretary-Treasurer, 
Dr. Kano Ikeda, Saint Paul; Councilors, Dr. A. H. Wells, Duluth; Dr KMhaniel Kufkin, 
Minneapolis; and Dr. G. G. Stilwell, Rochester; Honorar}' Members, Dr. E. T. Bell, Uni- 
versity of Minnesota; Dr. B. J. Clawson, University of Minnesota; Dr. A. H. Sanford, 

Rochester; and Dr. William C. MacCartj', Rochester. 

The following resolution was framed and presented to the Council of the Minnesota State 


Medical Association: 

1 WHEREAS, It has come to the attention of the Minnesota Society of Clinical Patholo- 
gists, that the House of Delegates of the Minnesota State Medical Society 
has passed a resolution requesting the State Board of Health to perform 
tests for the Rh factor; and 


2. WHEREAS, It is felt that the practicing clinical pathologists in the State of Minnesota 

already have the experience, knowledge and facilities available for the 
adequate performance of these tests; and 

3. WHEREAS, They arc perfectly willing to perform such tests free of charge for indigent 

patients; and 

4. WHEREAS, This sets a precedent for the performance of laboratory work by the State 

Board of Health outside of the field of contagious disease; and 


5. VTIEREAS, It is felt that income from such work would act as a partial inducement for 

pathologists to establish practice in communities where their services are 
not at present available; and 

6. WHEREAS, The value of the tests concerning Rh factor rests in their proper interpre- 

tation by the clinical pathologist as a consulting physician; therefore, 


BE IT RESOLVED, That we, the Minnesota Society of Clinical Pathologists can not 
exjiress approval of the resolution passed b 3 ' the House of Delegates. We respectfull}’ 
solicit the interest of the Council in our viewpoints, should their future activities have any 
bearing on the action of the Board of Health in this important matter. 

Univehsity of Nebr.\ska College of Medicine 

The following changes have been made in the facultj' of the College of hledicine, Uni- 
versitj' of Xebraska: Dr. Harold E. Eggers has retired as Chairman of the Department of 
Pathologj' and Bacteriologj-; Dr. J. P. Tollman has been appointed as Professor of Clinical 
Pathologj’ and Chairman of the Department of Clinical Pathology and Bacteriologj'; Dr. 
John R. Schenken has been appointed Professor of Pathologx’ and .Acting Chairman of the 
Department of Gross and Microscopic Pathologj'; Dr. Plinej' .Mien has been appointed 
Assistant Professor of Pathologj' and Dr. Robert hi. Allen has been appointed Assistant 
Professor of Bacteriologj-. 

OKLAi^o.^t.\ Association of P.athologist.s 

The Oklahoma Association of Pathologists has announced the election of the following 
officers; Dr. Bela Halperl, Oklahoma City, president ; Dr. Emil Palik, Tulsa, vice president; 
Dr. J. N. Owens, Jr., Shawnee, Secretaiy-Treasurcr; and Dr. W. F. Keller, Member of 
Council. 

Departiient of Selected Abstracts 

Anj' reader of the Journal who wishes to serve as a contributor to the Department of 
Selected Abstracts maj' communicate with the editor, listing the journals which are avail- 
able to him and stating his special field of interest in clinical pathologj- or pathologic 
anatomy. There is no monetarj- compensation, but the name of the abstracter is published. 

Person.al 

• Eduard B. Ellis, formerlj- of the New York Memorial Hospital, is now connected 
with the Technicon Company, 215 East 149th Street, New York City. Mr. Ellis was asso- 
ciated with the late Dr. James Ewing of Memorial Hospital for over forty j-ears. 
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FROZEN TmOMBOPLASTIN EXTRACTS IN 
PROTHROMBIN DETERIMINATIONS* 

JOSL4H FULLER, M.D. 

From the Laboratories, Veterans Hospital, White River Junction, Vermont, and Mary 
Hitchcock Memorial Hospital, Hanover, New Hampshire, and Darimoidh 

Medical School 

Dicumarol may be used safely and successfulh' when the dosage is guided by 
reliable prothrombin determinations, as has been emphasized by Barker and his 
colleagues^ • ^ ® and others.® • . 22 1938, Quick*® described a prothrombin dilu- 

tion cur\*e and recentl 3 *, Hum eL and Aggler et aL- presented a statistical 
evaluation of the procedure. 

For practical clinical u.se, a fairh" large supplj" of thromboplastm of constant 
potency' is necessar}* to obviate the necessitj' of making new prothrombin dilution 
curv-es frequenth*, as the constmction of these curves requires that prothrombin 
times be done on serial dilutions of at least five plasmas, as shown bj" Aggler and 
his coUeagues.- 

I agree with Aggler* who found commercial!}' available thromboplastin unsuit- 
able. For this reason I endeavored to produce mj’- own thromboplastin. 

The method most often recommended-’ u. ». u Qf storing the dried powdered 
brain thromboplastin under a vacuum usuallj* below 20 C. calls for the weighing 
out of small quantities of the powder for each test . This is done immediately 
after preparation Avith aliquots stored in evacuated ampules, or it is done before 
each te.st.. I have encountered difficulties in getting a powder sufficienth' homo- 
geneous so that each aliquot is of the same potency. The construction of evac- 
uated ampules is a technic that Ls not easil}- adaptable to the usual clinical 
laborator}'. It is also necessaiy* for the technician to extract the powder with 
saline each time, and I have found that strict attention must be paid to this 
process or appreciable differences in the potencies of the e.xtracts will result. 
Certainly a more simplified and, perhaps a more reliable technic, is desirable for 
a test such as this which is used so frequenth” and is so important in Dicumarol 
therap3^ 

Storing the thromboplastin as the saline extract would obviate some of the 
objections, but the instabilit}- of saline extracts Ls well known. Kazal et al}- were 
able to prolong the activit}- bj' adding antioxidants and antiseptics. Preservation 
by the h’ophil technic of Folsdorf and Mudd,^ as described by Souter and Kark,*^ 
and by Souter, Kark and Ta^'lor,^® and Kazal and Amow** would seem to be the 
ideal method. A Kophil apparatus, however, is not standard equipment in most. 

* Received for publication, July 12. 1947. 
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Fig. 1. Prothrombin dilution curve for a frozen thrombo- 
plastin extract. 

hospitals, although the Ij’-ophil technic maj’- prove to be the most satisfactorj’- way 
of producing tlnomboplastin industrially. 
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Presemng saline extract by freezing was described in 1940 by Irving.^® who 
thav.'ed and refroze a saline extract periodically for nine months without any 
appreciable change in the potency as measured on undiluted normal control 
plasmas. Since his is the only report I have found on this simple but useful 
teclinic, my experiences ma}' be worth recording. 

ilETHOD 

Thromboplastin was prepared bj" a method derived from the Quick^® acetone 
extraction technic, as modified b 3 ^ Aggler et al.- for use on human brain, and the 
technic for horse brain of Kazal et aU^ Hiunan cerebral hemispheres were 
stripped of pia and blood vessels. Small portions were macerated under acetone 
in a mortar with a pestle, using as manj*- changes of acetone as necessar 3 ^ to obtain 
a fine, white, granular powder, which was then dried on a suction filter. Onl 3 ^ 
small portions of the hemispheres were deh 3 'ch'ated at a time so that the deh 3 - 
dration process could be completed in from fifteen to twent 3 ' minutes. It was 
necessar 3 ' to use about five times the volume of acetone as there was brain tissue 
and to change the acetone three or four times. 


30 


zo 


10 








10 IS zo ZS 30 35 40 45 50 55 60 65 70 75 80 85 

HUMBER OF DAYS 


Fig. 2. Prothrombin time of controls in the daih* use of a frozen thromboplastin extract. 


The powder was added to 0.85 per cent saline solution making a 6 per cent 
suspension. This was extracted at a temperature of 55 C. in a water bath for 
fifteen minutes with constant stirring. The suspension was then centrifuged at 
1000 R.P.M. for two or three minutes to bring do^\■n the large particles. The 
supernatant was placed in te.st tubes in 2.5 ml. amounts and tighth* stoppered. 
The lot was “quick-frozen” in a freezing unit and then stored in the frozen .state. 
Before use, this frozen extract was thawed at 37.5 C. for thirtv^ minutes. The 
tube was agitated momentarih’' everN* five minutes, while thawing. 

This whole procedure, except the freezing, can be accomplished with no special 
apparatus other than that found in an^"^ good clinical laborator 3 '. Freezing units 
are quite generall}’- available either in standard refrigerators or regular freezers. 

The thi’omboplastin was standardized b 3 ’ doing protlu’ombin time determin- 
ations (Quick method’*) on serial saline dilutions of plasma of five known normal 
persons using five of the above tubes as recommended by Aggler ei ah- This 
produced the prothrombin dilution cur\'e shoNra in Figure 1. 

This thromboplastin was then used in the performance of routine prothrombin 
determinations in our laboratoiy. The 3 ’’ were reported in percentage of mean 
nonnal as well as time in seconds compared with the control. Figure 2 represents 
the prothrombin times of the controls used each day. These controls were taken 
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PROTHROMBIN CONCENTRATION IN%OFMEAN NORMAL 

Fig. 3. Comparison of periodic modified prothrombin di- 
lution curves with the original. (1) Original; (2) 5 days; (3) 

23 days; (4) 37 days; (5) 90 daj'S. 

at random from any available knmvn nonnal person. They were used as a check 
on the test and as a daily check on the stability of our extract. It will be seen 
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that during the eighty-five day period there was no definite trend indicating a 
change in potency. 

Hum et aU and Aggler,^ however, have sho\TO that thromboplastins giving 
similar prothrombin times on undiluted plasma ma 3 ' van' widely' on diluted 
plasma thereby'- giving widely divergent results on prothrombinopenic individuals. 
It was conceivable that a qualitative change, not brought out bj' the daih' 
controls, could have taken place in the thromboplastin. In order to determine 
this, I con.stmcted, at inten'als during the period of use of this thromboplastin, 
modified prothrombin dilution cun-es on one individual using 100 per cent, 30 
per cent, and 20 per cent concentrations of plasma. From Figure 3 it will be 
seen that during the ninety da\\s of observation there was no trend indicating a 
loss of potenc 3 \ M\' statistical data have been criticaUj* examined, and the 
slight differences noted on the chart were found to be well v.*ithin the limit of error 
for the determinations as calculated from the data used to construct the original 
cunn. 

Becentty one lot of frozen thromboplastin suddenlj', after one hundred and 
twelve daj'S, exhibited a slight loss in potenc\^ Pre\'iousl\’ it had demonstrated 
stability comparable to that reported here and the reason for the sudden change 
is not at present apparent. 


CONCLUSION 

Frozen saline thromboplastin extracts are a convenient source of thrombo- 
plastin for the Quick method of prothrombin detenninations, and they have been 
shown to retain their potenc}' for at least- tliree months. 

Achnowledgments. I am indebted to Alan Mather, Ph.D., Assistant Professor of Bio- 
chemistry, Dartmouth Medical School, for first suggesting to me the freezing of thrombo- 
plastin as a method of preser\'ation, and to James F. Crow, Ph J3., .Assistant Professor of 
Preventive Aledicine and Parasitologj-, Dartmouth Medical School, for a statistical evalua- 
tion of the data. 
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A RAPID INIETHOD FOR THE EVALUATION 
OF IMICROBIOLOGIC TESTS* 

WALTER KOCH, ]M.D. 

From ihe Department of Hygiene, Hebrew University, J erusalem, Palestine 

Since the introduction bj' Snell and Strong^ of a microbiologic test for the assay 
of ^ibofla^^n, the same principle has been adopted for the estimation of other 
vitamins and amino acids." - ^ A standard cmve is prepared by plotting known 
amounts of the mtamin added to the broth against turbidity caused by bacterial 
growth. Unknonm quantities are determined by interpolation. GeneraUjq the 
standard cur\'e is derived from the mean of several experiments. Its usefulness, 
however, is limited bj- day-to-daj* variations in the growth response of bacteria. 
Such variations maj’- be due to slight changes in the composition of the medium, 
size and age of inoculum, and time and temperature of incubation. It is, there- 
fore, vndely accepted that a series of daily standards must be run to make the 
necessary correction. Since this is time-consuming, a graphic method is de- 
scribed which takes dail 3 ’' variations into account and requires that onlj* two suit- 
able dilutions of the standard be nm dailj' The necessaiy dailj' correction is 
determined within a fcAv seconds. The method has been tested in the assa}'- of 
riboflardn and nicotinic acid and should be useful in other similar tests. 

METHOD 

A nomogram is constructed and its centering point changed according to the 
daily growth response. 

Table 1 shows the amounts of nicotinic acid in micrograms contained in 10 ml. 
of mediiun and the mean values of the coiresponding colorimetric readings.^ 

The procedure is then as follows. Two parallel perpendicular lines are drami, 
about four and one-half inches apart (Fig. 1). A point, C, is chosen (Fig. 1) 
equidistant from both lines. The amounts of nicotinic acid listed in Table 1 are 
plotted on a logarithmic scale on the right hand line. As shown in Table 1, 0.005 
microgram of nicotinic acid gives a mean reading of 83. Therefore, a line (broken 
line, Fig. 1) is drawn thmugh point 0.005 and point C; its point of intereection 
with the second parallel line is designated 83. Similarlj", a line drawn from point 
0.01 through point C will locate the point on the left line which corresponds to a 
mean reading of 79 ; the points on the left line nill be located for the other readings 
in the same waj--. The line between 79 and 83 is divided into four equidistant 
spaces, that between 72 and 79 into seven equidistant spaces, etc. (Fig. 2). For 
greater convenience, the logarithmic scale is also subdivided and extended for 
readings obtained with amounts of nicotinic acid above 0.10 microgram. The 
nomogram is now covered with a piece of transparent paper or washed .x-ra 3 ^ film. 
On a similar strip of transparent paper, the logaritluns of 1, 2, 3, 5, 6 and 10 are 
marked off (Fig. 3), since 0.1, 0.2, 0.3, 0.5, 0.6 and 1.0 ml. of a dilution of the un- 
known have been added to the broth in this case. 

•Received for publication, ?ilay 22, 19-17. 
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Fig. 1 . Plotting of mean growth responses against colorimeter scale 63 ^ 
drawing lines through centering point C (see Table 1). 

The nomogram developed above indicates the mean gi’OAvtli response, but does 
not, however, indicate the daily growth. Table 2 and Figure 4 (hollow circles) 


MICR.OGR.AMS NICOTINIC ACID 



COLORIMETER. READINGS 



■0.15 
■ 0.14 
0.13 
0.12 
0.1 1 
0.10 
0.09 
0.08 

0.07 

0.06 

0.05 


0.04 


0.03 


0.02 


0.005 


Fig. 2. Centering point C (full dot) is the same as in Figure 1 and repre- 
sents the mean growth response. Ci, C*, Cz and C< show growth responses on 
four different daj’S. Ci represents the point of intersection of a line joining 
points 0.02 and 76 and a line joining points 0.06 and 62 (see Table 2). C- re- 
presents the point of intersection of a line joining points 0.02 and 75 and 
points 0.06 and 65.5 (see Table 3). Cj represents the point of intersection of a 
line joining points 0.02 and 72.25 and points 0.06 and 62.75 (see Table 3). C 4 
represents the point of intersection of a line joining points 0.02 and 75.25 and 
points 0.06 and 65 (see Table 3). 
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show how much the dailj’' gro^rth response of the standard sets differs from this 
mean. B.y comparison A^th Table 1, it can be seen that groArth Avas rather poor 
on the da}*’- shoAAm in Table 2. The readings of an}-- day under consideration can, 
hoAA-cA’er, be made to fit the nomogram b}’' changing the centering point, C, in the 
nomogram. The positions of neAA’ centering points, Ci, C 2 , Cs and C 4 , valid for 
each of four different days, are determined from the response as shoAAm by stand- 
ards of 0.02 and 0.06 microgram nicotinic acid. These t\A’o amounts have been 


TABLE 1 

Response of Proteus HX19 to Nicotinic Acid 


MICROGRAMS NICOTINTC ACID IN 10 ItL. OF MEDIUM 

MEAN COLOHmETRlC READINGS 

0.005 

S3 

0.01 

79 

0.02 

72 

0.03 

67 

0.04 

64 

0.06 

60 

0.08 

57 

0.10 

54 


TABLE 2 

An Illustration of the Decreased Error B.asld on the Centering Point 
OF THE Nomogram Determined ba- the Daila' Growth Response 


MICROGRAMS NICOTINIC ACID 
PER 10 MX. 

COLORIMETRIC READINGS 

i 

PERCENTAGE ERROR ^\^IEN USING*. 

1 Mean Center C 

Daily Center Ci 

0.01 

82 

40.0 

0. 

0.02* 

76 

33.0 

0. 

0.03 

72 

33.3 

6.7 

0.04 

69 

36.3 

12.5 

0.06* 

62 

20.0 

0. 

0.08 

58 

9.4 

7.5 

0.10 

1 

55 

6.4 

8.0 

Averages 

25.5 

4.95 


* Values of the standard used to locate point Ci. 


chosen as they represent the limits of the useful range. By connecting point 
0.02 AA’ith point 76 of the colorimetric scale, and draAA’ing a similar line betAveen 
point 0.06 and 62, an intersection point, Ci, is found (Fig. 2). Using Ci, instead 
of C, the mean percentage error of the unknoAATis run simultaneously drops from 
25.5 to 5 per cent and no calculation is required (Table 2). 

PRACTICAL APPLICATION 

In order to determine the appropriate centering point for each assay, two dilu- 
tions of the standard (0.02 and 0.06 micz’ogram nicotinic acid) are run Avuth every 
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batch of unknowTi samples. The intersection point, C’l, is marked in ink on the 
x-raj' film. No’vv the samples proper are estimated, viz.^ urine diluted 1 ;20 gives 
a reading of 73 for 0.3 ml. and of 63 for 0.6 ml. L-sing C-i, the amoimts of nico- 
tinic acid are 0.026 microgram and 0.055 microgram, respectivehx Both of these 
points are marked in ink. In order to obtain the amount contained in 0.1 ml., 
the first figure has to be dimded by 3, the second b\' 6 This can be conveniently 
done by means of a piece of transparent paper (Fig. 3). One-sixth of 0.055 is 
found to be 0.0093, while one-third of 0.026 is 0.0087. By inspection we inter- 
polate 0.009 as the average value. This figure times 20 (the dilution) gives a 
result of 1.8 micrograms per ml. of urine. Since in most cases different dilutions 
of the same sample do not \deld exactly the same results, one must tr}’ to base the 
answer on findings obtained within the useful range. Consequent!}' the mine 
from patients treated with massive doses of nicotinic acid has to be diluted 
approxmately 1:60 or 1:120 instead of 1:20 as stated above. 

M1LL1LITER.5 OF UNKNOWN ADDED 

p o p p p — 

— Kj oj ui O' o 

■~1 1 ^ ^ — I i 

Fig. 3. This scale maj- be shifted along the scale marked “micrograms nicotinic acid” in Figure 2 like 
the slide in a slide rule bringing different amounts of the added unknown to unity. 

Table 3 shows three assays of various urines. The second mine was from a 
treated patient and the third was rather low in nicotinic acid. As higher values 
were anticipated in the treated patient, most of the readings were obtained from a 
dilution of 1 :S0. The same table also shows the other extreme, urine containing 
little nicotinic acid. As nonnal values were expected the higher dilutions fell 
outside the range. In order to test, the accuracy of the proposed method, the 
results derived from a complete, simultaneous set of standards is assumed to have 
an en’or of zero. These and similar assays are summed up in Fig. 4. Taking 5 
per cent as the limit of possible error,*" 60 per cent of aU assays by this method, 
fall within this limit, but only 13 per cent fall within this limit when the mean 
standard curve is used without allowance for day-to-day variation. Xinety-two 
per cent of all assays by this method Avill have an error of less than 10 per cent, as 
compared with 26 per cent falling within this limit if a mean cuiwe is used. The 
average percentage en-or of each method is 4.81 per cent and 21.0 per cent, 
respectiveh'. 


DISCUSSIOX 

Certain errors are inherent in this method. In the sample to be tested, un- 
known substances ma}’- occur which inhibit or promote grovdh . Such substances 
change the slope of the gi-owth response curve, as pointed out by Wood,” produc- 

This is a rather stringent limit as IVoods states that a difference of plus or minus 10 per 
cent among dilutions of the unknown . . is usually regarded as reasonable agreement”, 
when using a simultaneous complete standard curve. 
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ERRORS OF A65AY5 LE55 THAN 

Oi’dinate shows percentage of assays having an err( 
smaller than that indicated in the abscissa. i & j & 


mg varying results for different dilutions of the sample. The more dilute the 
sample, the smaller this error will be. Another difficulty is the establisliment of 
a coirect lesult to serve as a check for the proposed method. Several determm- 


TECHNICS 


903 


ations of each point would be necessan- to determine an accurate daily standard 
curve, which should be a straight line. However, the three or four tests for each 
of the two points necessarj' in this method are easily performed. Since no curv^e 
has to be drawn and since the results are read from a nomogi’am, at least- one- 
quarter of the total labor is saved by the method described. 


SUABLVRY 

An adjustable nomogram for microbiologic assaj* of nicotinic acid and similar 
substances is described. Day-to-day fluctuations of growth response are com- 
pensatod for without calculations. Although onh' two dilutions of the standard 

T.ABLE 3 

Ex.«iples of Three .A.ss.\t.s ox Urines. The Estimate from Co.mplete, Simel- 
TANEOcs St.and.ard Cerve Is .\s5umed TO an Error of Zero. The Centering 

Points Valid for E.ach Assay, C; , C; and C. , .\re Obtained Similarly to Ci , 
AS Shoa^-n in Figure 2 



spzcurz.v or rEi.VE 

i i 

i i 

1 DILfTtON or rB&X j 

i i 
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PERCENTAGE ERROR OF: 
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Method 
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' i 

c. 

27.4 i 

0. 
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4.1 

GraA'es’ 
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disease, low in 

nicotinic;- 

i 1:20 

Ch 

; f 

' I 
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are used in order to establish the correction, the accuracy achieved is sufficient 
for most purposes. Compared Yith a conA’entionally drawn semilogarithmic 
dailj' standard cun'e, with an error of about 20 per cent, the present method has 
an error of onty about 5 per cent. Different dilutions are brought to unity liy 
means of an additional scale. 

AchnowUdgment. The author is indebted to Dr. Is . Grossowicz for putting at his dis- 
posal unpublished data of a test for nicotinic acid. 
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SIMPLIFIED TECHNIC FOR CULTURE FROM BLOOD 
OF ENTERIC GROUPS OF BACTERIA* 


F. RAPPAPORT, PH.D. 

From the Bacteriological Laboratory, Hadassah Municipal Hospital, Tel-Aviv, Palestine 

The ordinary procedure of blood examination for the tjT^hoid-paratyphoid 
group of organisms consists of agglutination reactions carried out with a knoA\’n 
serum against a bacteriologic culture preferabty made from the blood clot. The 
advantage of the “clot culture” over the whole blood culture lies in the absence 
of serum which ma}’- contain the patient’s specific antibodies and thus interfere 
with the groudh of micro-organisms present.' In the new technic suggested here, 
one simple operation which is time-saving, prevents contamination and can be 
carried out in a small laboratory not equipped with a large centrifuge, is substi- 
tuted for the centrifugation of blood and pipeting off of the serum. 

TECHXIC 

The blood is collected in a sterile swab tube in which the cotton swab reaches 
the bottoih as in the ordinary tube used for diphtheria culture. The blood is 
allowed to clot; the clot adheres to the swab and contracts around it while the 
clear serum separates from it. 

For bacteriologic culture, a 3 per cent glucose-bile medium is used and distrib- 
uted in test tubes of approximate!}'- the same length and diameter as the swab 
tuljes used for the collection of blood. When the blood has clotted sufficiently, 
the swab with its adhering clot is introduced into the culture medium tube under 
ordinary aseptic precautions and stoppered. . The culture tube uith the clot 
immersed in the bile-sugar solution is incubated. The serum left behind in the 
origirral swair tube is used for the Widal agglrrtination tests. 

The blood clot dissolves in the bile medium and if glucose fermenters rr'hich 
acidify the medium, develop, a IreaAy precipitate settles, and the culture should 
be further examined. In case no precipitate forms after a few da 3 'S, the culture 
is considered negative as far as micro-organisms of the enteric group are con- 
cerned. 

If physicians are supplied with sterile swab-tubes (diphtheria swabs) for blood 
collection, the laboratory work is relativel}'- simplified and ma}’’ be limited to 
transfer of swabs into medium tubes, watching the culture dail}'- and plating only 
those suspected of shou'ing growth. In this wa}^ routine repeated plating, which 
is often associated with some degree of contamination, is eliminated. 

REFEREXCE 

1 . F^ix, A.: Rabbit as experimental animal in study of typhus group of viruses. Tr. 

Roy. Soc. Trop . i\Ied. and Hyg., 26: 365-37S, 1933. 

* Received for publication, August 20, 1947. 
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THE QUANTITATH'E DETERIMINATION OF 
puLAiOKAjRi: he:morrhage^^ 


P.OGER K. ^McDonald, Capt., MC, AUS, .^'d VINXEXT C. KELLEY, 

1st Lt., :^rc, Aust 

From the Departments of Internal Medicine and Biochemistnj, School of Aviation Medicine, 

Randolph Field, Texas 

In tlie course of our studies on the production of pulmonary hemorrhage in 
cats by large decelerative forces, the need for an accurate description of inter- 
stitial hemoiThage was recognized. After various methods were tried and found 
unsatisfactory', the present procedure was developed. This procedure is based 
on a chemical determination of residual blood present in the lungs of cats u'hich 
have been simultaneously bled and perfused. In addition to the fact that this 
method permits a quantitative expression of interstitial hemorrhage, the further 
advantages of objectivity, simplicity and consistent accuracy are deser\'ing of 
note. 

ilETHOD 

After anesthetization with nembutal the cat is placed supine on an animal 
board. A transverse incision is then made across the epigastrium and continued 
upward in the fonn of a longitudinal incision tlirough the thoracic cage at either 
anterior axillaiy line as far as the cla\'icles. An incision through the diaphragm 
separates it from its anterior attacliment, and the anterior thoracic flap is reflected 
cephalad thus exposing the heart and great vessels and a major portion of both 
lungs. Immediately after opening the thorax, 0.5 cc. of heparin is injected into 
the right ventricle, and after about thirty seconds enough blood is withdrawn 
for a hemoglobin determination.' Following the withdrawal of blood a lo-gauge 
needle, through which the perfusion fluid is delivered, is introduced into the right 
ventricle, and another 1.5-gauge needle, through which the drainage of the pul- 
monary circulation passes into a receptacle, is introduced into the left ventricle. 
The perfusion fluid (sahne) passes through the pulmonary circulation as soon as 
the clamp on the tubing is released, and blanching of the lungs is noted within 
a few seconds. After the perfusion has started, the superior and inferior vena 
cavae are clamped with hemostats (Fig. 1). The perfusion is continued until 
the fluid leaving the left atrium has been perfectly clear for at least one minute. 
This ordinarily takes from five to ten minutes in the uninjured limgs and requires 
about 500 cc. of saline. In hemorrhagic lungs the perfusion time is frequently 
extended to ten or fifteen minutes, and the amount of saline may be increased 
to 1000 cc. The rate of flow' of the perfusion fluid is regulated to prevent ex- 
cessive pulmonaiy edema, especially during the first few minutes of the perfusion 
when the greater portion of the pulmonary' intravascular blood is removed. 

* Received for publication, June 13, 1947. 

t With the technical assistance of :Mr. G. B. Ellis, itlr. L. D. Case, Sr., and ISGss J. Mas- 
terson 
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After tlie perfusion is completed, the lungs are removed fromi the thoracic 
cavity and the indiiddual lobes are placed in weighed Petri dishes. The pul- 
monary lobes are then dried to constant weight in an oven at 68 C. for a minimum 
of twenty'-four hours. The dishes are re-weighed and the weights of the indi- 
vidual lobes are obtained bj”- difference. Each lobe is pulverized in a mortar, 
acidified, extracted with a 1:4 mixture of 95 per cent ethyl alcohol and ethyd 
ether, and its original hemoglobin is converted to pyu-idine feiTohemochromogen 



Fig. 1. Method of perfusion. A, inflow needle; B, outflow needle; C, hemostat on 
S.V.C.; D, hemostat on I.V.C.; E, area of hemorrhage. 


according to the method of Flink and Watson .- 

RESULTS 

In order to determine the reliability of this procedure, a series of normal values 
was obtained by'^ the extraction of 62 lobes from eleven fasting, afebrile cats. The 
result; are shown in Table 1. Figure 2 illustrates the tyqiical appearance of nor- 
mal cat lungs following peifusion. 

The term “equivalent amount of blood” seems especially useful in our problem 
of determining hemorrhage and is derived in the following manner: (1) Number 

c r , X 1 1 1 1 1 hemoglobin recovered from lung lobe 

ol cc. of extravasated blood per lobe = ;; r-r: rr-; — y ; 

mg. hemoglobin per cc. ot blood 




Fig. 2. formal Lung After Perfusion. 
Fig. .3. Hemorrhagic Lung After Perfusion. 
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(2) iSuralier of cc. of blood per gm. of dry lung tissue 

_ equivalent amount of blood per lobe 

dry weight of lung lobe in gm. 

To determine the actual recovery of the blood present in the lungs, known 
amounts of hemoglobin were injected into five lung lobes. average recovery 
of 90.6 per cent (range from 89.7 to 103 per cent) was obtained. 

Areas of pulmonary hemorrhage produced in cats sribjected to large decelera- 
tive forces remained unchanged, while blanching of the uninjured tissue was 
evident from the onset of perfusion. Analysis of 25 hemorrhagic lung lobes from 
these cats gave an average equivalent amount of blood per lobe of 0.8-4 cc. (1.62 
cc. per gram of dry lung tissue). 

Figure 3 illustrates hemorrhage well delineated in perfused lungs. 


TABLE 1 

SU.MM.VRY OF FiN'DIXGS IX NORM.VI. LtiXOS OF 11 C.\.T.S 


tone 

NXITBER 

OV LOBES 

AVXRAGF. 
DRV \VEIGIIT 
IK CM. 

average 

TOTAL 

ItEMOOLOBIN 
IK MO. 

A\XJtAGE EQVIVALEKT AMOUKT 
or BLOOD 

CC. PER 
LOBE 

DRV Lt7KC 
TISSUE, CC. 
PER CM. 

STAKDARD 

DEVIATIOK 

Right upper 

10 

.39 

.01 

.0053 


,010 

Right middle 

10 

.24 

.39 

.0039 


.014 

Right lower 

11 

.85 

.71 

.OOGG 



,'\cee.«sorv 

11 

.24 

.40 

mm 

.018 


Left upper middle 

10 

.50 

.74 


.013 

.010 

Left lower 

10 

.89 

.80 

iB 

.009 


Averages for all 02 lobes 

.52 

.60 

.0054 

.013 



DISCCSSIOX 

A tjuantitative method for determining interstitial hemorrhage is a desideratum 
which needs no special emphasis. The procedure outlined, although limited to 
the lungs by the nature of our problem, has a univensal application. This may 
be in the form either of localized perfusion of certain anatomic regions or organs 
or as total body pei-fusions when measurements of several coexisting hemorrhages 
{c.g., brain, lungs and kidneys) are de.sircd. 

Although this method has been employed in quantitation of hemorrhage only 
in cats, it is, of coiu-se, applicable to other laboratoiy animals. 

CONCIiUSlOX 

Our experience has shown that the method of quantitatively determining pul- 
monary hemorrhage which has been described consistently gives results that are 
reliable and meaningful expressions of interstitial hemorrhage. 
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TSOLATIOX OF PARTICLES FROM ASPIRATED 
STERXAL .MARROW FOR BIOPSY* 


EMIL ^L\RO SCfaEICIIEEt 

From the Dcparlmcnl of lutcmal Medicine, Minncapoliit General Ilozpital, 

Minneapolis, Minnesota 

Hematologists, pathologists and experienced medical technologists arc v.ell 
aware that in some instances particles of marrow arc difficulf to isolate from the 
blood of the aspirated marrow specimen, particularly when these anatomic- 
physiologic stnictures arc very small and few in number. It is further agreed 
among .students of the bone marrow organ that a careful cytologic e.xamination 
of .smear and imprint preparation.s^' " does not jncld conclusive evidence as to the 
pre.sence or ab.sence of structures such as those that characterize tubcrculosi.s, 
.sarcoidosis, brucellosis, earh' primary' and metastatic malignant neoplasms or 
pathologic .states of the vascular .system. Thu.s, the import ance of making hi.'to- 
logic sections from sternal marrow particles i.s at once apparent . For the success- 
ful demonstration, liowever, of the above cited disease processes, which ma\' or 
may not be widely scattered, it is imperative that from 2 to 5 ec. of marrow stib- 
.stance be a.spirated to make certain that a representative .specimen of the stemtil 
bone maiTOw is furnished for biopsy*. It is further emphasized that aspirated 
marrow mirst be placed immediately in a proporl}* prepared glass vial, tiiat is. the 
inside of the vial should be coated with a thin film of paraffin and a .small amount 
of powdered hepanni .should be thoroughh' distributed over the well hardened 
and dry paraffin surface before the marrow is placed in the vial. In.stantaneous 
mi.xing of the anticoagulant and the marrow is encouraged by gently inverting 
the vial several time.s. The amount of heparin nece.ssan’ for preventing clotting 
of 1 cc. of marrow varies from batch to batch, although the fpiantity that covers 
the broad end of a toothpick is in general adequate. 

It is the purpose of this communication to pre.rent a method that : (I ) pennits 
rapid preparation of marrow particles from the aspirated marrow regardless of 
their size; (2) as.sures minimum Io.ss of the particles tlnis increa.sing the chances 
of detecting scattered lesions; and (3) prevents cytolysis and production of arte- 
facts by the rapid and uniform fixation of the marrow particles. 

The following materials are needed; 

An illumination box with a frosted glass plate top and a 00 watt 120 volt light 
bulb (Fig. 1); 

Four Petri dishes each with a diameter of about 9.0 cm.; 

'Urcoivcti for publication, June 20, 1&47. 

t P.nrke, D.avis an'I Comp-'iny Rcsearcii Fcltovv in Hem.aiotniry. 

i Doc Liver heparin lot 152. or .any lot nnide .nooordinf: to the fonntila of Jot 1.52. m.ade 
bv Ilvnson. Wesicott and Dunning. Baltimore. Maryland. 
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One fiat bottomed glass receptacle about 5.0 cm. in diameter, the inside of 
■which is coated udth a tliin film of paraffin; 

A medicine dropper and a few Avooden applicators. 

3IETHOD 

After 1 cc. of the heparinized manw specimen has been removed for concen- 
tration purposes,’ - - ■ * the remaining amount is poured in the paraffin coated glass 
receptacle. The latter is then slightlj*- tilted to encourage visualization of parti- 
cles for the purpose of making imprints.^ Particles of marrow range in appear- 
ance from translucent to opaque and vary in color from light gray to deep red. 



Fig. 1. llluminalion box with frosted glass top. The 
back of the box is left open to prevent heating of the glass 
cover and of the fixing fluid. 


The particles may Ijc difficult to .see, particular!}* when they are A*ery small, that 
is, less than 0.5 mm. in diameter, and float in the blood of the specimen. It has 
been pointed out elsewhere that normally particles range in size from 0.5 to 1.0 
mm,-* but may be as large us G.O mm. and as small as 0.2 mm. in certain pathologic 
stales of the marrow. To bring about a better vi.sualization of these particles, 
a small amount of phy-siologic sodium chloride solution may be added to the 
marrow specimen if imprints are to be made. The preceding step should be 
carried out as quickly as possible to prevent “.soaking” of the particles, thii.s en- 
coAiraging deterioration and the production of artefacts. Mter several particles 
liaA'c been imprinted, the marrow specimen is washed into one of the Petri dishes 
with freshly prepared fixing fluid (neutral formaldehyde 40 per cent saturation, 
1 part, physiologic sodium chloride solution 9 parts). The dish is then placed 
on the glass top of tlie illumination box (Fig. 1) and chocked for visualization of 
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tlir* marrow particle?. Geiic-ralij', large particle? will be readily ?r-en (Fie. 2.\b 
although the mixture may }>e too opaque for detecting very ?mall one?. About 
one-half of the mixture i? then poured into anotlier di?h and e(iua! amount? of 
fixing fluid are added to both specimens. At this point, .small part ieles are visible 
(Fig. 2B). The particle.? of marrow are tran.d’erred -with a medicine dropper to 
another glass di.?h containing fi.xing fbiid (Fig. 2C). If the fluid become.? turbid 



C D 


Fig. 2. A, Petri disli containing marrow sficcimen <iilutcd with Pirmaldeltydc- 
saline fixing fluid. Large particles of marrow are easily visible. The partirlcs 
are represented in the photograph as opacjiic irregular-sized structures. H. Petri 
ftish with one-half of specimen “.-V' diluted witli formaldehyde-saline fixing 
fluid. Large particles can be seen clearly, but particles of Ic.s.'^ than 1.0 mm. are 
just visible. C, Petri dish containing partiele.s of marrow from “A" and '’li". 
Ob.«erve the consjncuous size ranee of the j)artir!cs. The formaldehyde.?:ilirte 
fixing fluid is slight ly cloudy from t ransferred blood. D, I'ct ri dish wit li ji.artieie? 
removed from “C” for finrd fixation. Pec.ausc the formaldehyde-saline fixin" 
fluid is clear, range of size atid numlter of the particle« can be determined. Tiie 
transparent ruler is under the glass receptacle. 

from tnmsforred blood, it i? best to remove the marrow particle? and place them 
in another receptacle containing clean fi.xing fluid. The particle? should rt-main 
in fixing fluid for ?everal hour? or over-night. While untlergoing complete fix- 
ation, the range of the diameter of the particle.^ may lx* determined by tran?- 
fening them dimctly on to a transparent niler, as ?hoam in Fig. 2D, and the 
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number by placing a square subdivided into smaller squares (draum with Ind' 
ink on a clean x-ray film) under the glass receptacle. Properly fi.\ed partir 
can be shipped to distant laboratories for histologic examination. It is impor 
tant to place enough fixing fluid in the .shipping container to prevent dr3dng of thr 
marrow particles. Sections are made according to methods published eL- 
where.®’ "• ® 


SIBDURY 

A method is described for rapid preparation of aspirated particles of bone 
marrow for biops}'. The procedure emplo3’S an illumination box with a frosted 
glass top large enough to hold several glass receptacles. The marrow particles 
are visualized b3' diluting the aspirated specimen with fi.xing fluid. The method 
assures maximum 3deld of particles for histologic work and thus widely scattered 
lesions of the bone marrow organ ma3’- be more readil3’’ detected. 

Acknowledgment. The pliotogr.aphs were made b%- the Department of Medical Photog- 
raphj’, rviinncapolis General Hospital, Minneapolis, Minnesota. 
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A :method for cross indexing pathologic diagnoses* 


HAROLD GORDON', M.D. 

From ihc Lahora(onj Service, Mchoh Yeterane Adminislratiori Ifo-pilnl, LoaiiviV.e, KenUtchy 

Few laboratories can afford an ela]) 0 rate system of indexing diagno^f's of surgi- 
cal and autopsy tissues. IMost pathologists have to he satisfied with a numerical 
and a name file which permits the. diagno.?is for any particular patient to be found 
fairly readil.y, but does not lend itself to a general reviev.- of pailieular lesion.^- or 
diseases. The following system is not original but has proved so satisfactory 
that it is deemed worthy* of publication. 
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PATIiOLOCt 

C niAONOblS 



ANATOMIC SOrRCE; 

i An’iev'jrrti- | 
j toa= j 

Ch.'onic 

P.-o>l3iitis 

Occult 1 
CarcJ.’io.’ua ■ 

AdcRocirci- 

ncmR, 

Scirrhou*: 

Adcr.ocsrci* 

MH'jU.irj.' 


Prostate gland 

j S47-I0 ^ 

847-10 : 

847-10 : 

847-C! 

847-81 

847-25 


j ' 

S47-2G ; 
S47-60 i 

847 -05 

847 -0.5 


847 -s2 


Fig. 1. .tAn index sheet for diagno.=is of lesions of prostate gland. The acres.-iM!! numbers 
are listed below their re.s})ective pathologic diagnose.s. 


METHOD 

Wiien a tissue specimen is received, a record of it is entered in a daily regi'ter 
and it is given an acce.ssion number. On the following day. after examination 
of the sections, the lesions are coded according to the anatomic source and the 
pathologic diagnosis. For example, sections of a prostate gland may show occult 
carcinoma, adenomatou-s hyperjtla.sia and chronic pro.statitis. The “index sum- 
maty’' will read, accordingly: 

Anatomic source; Pro.sfate gland 
Diagnosis: Occult carcinoma 

.Adenomat ous hyperjila-'-ia 
Chronic prostatitis 

When the report is typed, the diagnosis is entered in a comliined anatomic and 
diagno.st ic loose leaf ledger, as indicated in Figure 1. A single sheet suffices for 
coding twelve or more diagno.«es for each organ or tl<sue, leaving an adeciuate 
margin for binding. Many ca.^es can be listed on each sheet, although diagno.ses 
of organ.s which are removed fretpiently m:iy necfl two or three sheets in the 
cour.'-e of a year. The pages are in.'=erted alphabetically according to the orgc.n 
or ti.ssuc involvcfl. When the ledger is filled, it is l.>ound in }>ook torm for jK'r- 
manent reference. Each book is dated and rmmbenal c'onsccut ivelv. Any rhs- 


* I’ubli.clicd with {Kjrimssiozi of the Chief Atciiical Director, Dep.irtr!icnt ic 
Surgery, t'ctcran.'; .-Vdmiiiist ration. wIk* a<su!ae5 no rc.spoiisihility for the opin's 
or conclusions dr.awn by the author. Received for piiljlic.-uion, .August lb llJ^i? 
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ease entity can be reviewed convenienth* and quicklj’-, since it vdll be coded and 
indexed by name. 

This sy.stcm has been ver3' valuable in our training jirogram for residents pre- 
paring for their specialty boards and is equalty adaptable to the needs of col- 
leagues wishing to present material at medical meetings. It takes onlj-^ a little 
extra time to set up and maintain such a file and it requires little additional space. 
A similar sy.stem is used for coding diagnoses on tissues removed post, mortem. 

It is well to remember that on!}.' important changes should be listed, as no useful 
purpose is served by listing minor lesions, such as cloud}'' swelling or slight 
conge.stion. 

SUMXLVRY 

A method is described for indexing pathologic diagnoses of tissues removed 
post mortem or at operation. 



TECHNICAL SUGGESTIONS 

A Helpful TECH^-IC ix ^Making Acid-Fa^t Staixj; 

Tlie follomng suggestion is offered for steaming v,-lir-n making acid-fast st;iiiis. 
The method was shown to me bj' Dr. Stemar Hauge of the Department of 
Bacteriologj', College of Veterinarj' Ivledicinc, Oslo, Noncay. 

After the smear has been fi.\ed, a piece of medium or heavy filter paper, mea=ur- 
ing about 31- inches b}' 2-| inches is folded over the slidf* fFig. 1 ) so as t o cover t he 
bottom and top surfaces. The puipose of the filter paper is to absorl) the stain 





2 


Pir 1 -V 3 X 1 inch slide containing material to be stained i 


s piaced on a pieft- of 


type clothespin. The stain can tlien be apphen and <hc s nn, -.c.. 
burner. 


one end b\' sprins: 
tiled over a Bun.-cn 


and prevent drying. A .spring-wire type of clotbc.-.pin is usca to . y ti ^ ^ npj-ir.-r 
to file slide and serves to hold the slide convenient > at one em , ^ 

the steaming process. The stain is then droppet onto i le^ < 
steaming begins, more stain may be dropped oiuo le p^.p^r ) - 

paper dScs r:;t curl but tvill mmain in apposition with the suriace - 

T have found this method advantageous because of tJic-_ai>ilL> t o j 

uniform stain with it. Precipitation of the stain is ehminmed ^ 
less .^tain is required. Where the application of hcai i- ^ 

probably can be employed with success in othei .stanun,^ p ^^r;onH\^r D.V.W. 
S{fj(c College of Washinglon ' 

Pullma n , Wash in glon 


015 
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ivIethods of Prepaiung Sterile Dry Syringes 


Tl\e following methods of preparing sterile s^-ringes, although not original, are 
presented because they are superior to boiling and fishing syringes and needles 
out of Avater baths, and arc also superior to Aswapping them in cloth. The unit 
can be as.sembled prior to sterilization and can be examined before use AA'ithout 
contaminating the set. 



Fig. 1 


Ihe fir-st. method (Fig. 1, Group 1) is adaptable to anj' .size syringe or needle. 
The needle is placed on the tip of the sA'ringe; gauze tape is AA'ound about the tip 
of the SA’ringe and hub of the needle so that a test tube may be fixed snuglj' oA’Cr 
the needle to .^en’e as a needle protector. A short piece of gauze tape extends 
beyond the mouth of the needle protector so that it can be remoA-ed AA’ithout 
loo-'Cning the needle. The aaIioIc .«et is .sterilized and may be kept sterile until 
reatly for use. 
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A second and better method is to cover the asserni)! 


en ncvdie and syrinjre 'rith 


syrinae. The 


a test tube whose bore will not extend beyond the mouth end of t h; 
plunger Ls fixed in position by wrapping it and tiie mouth of ttr'- lube v,-itji cello- 
phane and t 3 'ing the cellophane, as shown in Figure ]. Group 2. 

In the third method (Fig. 1, Group 3) a small test itiite F used to cover the 
needle and the entire st'ringe and needle is plac.^'d in a larger tube and held in 


place by a cotton plug. Tubes large enough to hold a 10 cc. stn-inge and atlacbf;d 
needle may be purchased from supplj' houses. 

U. S. Marine Hospital K. F. Deax, M.T. (ASCP) 

Baltimore, Maryland 


Cle.axixg Used Slides .a.xd Coved Gelsses 


The following suggestions may be of value to laboratort- workers in cleaning 
batches of used slides and cover glas-ses. Separate slides and cover glasse.s into 
the following groups: (1) unmounted slides having no immersion oil or embed- 
ding material on them, (2) unmounted .slides vdth immersion oil, (3) unmounted 
slides with paraffin sections, (4) mounted slides with paper labels, (5) all other 
mounted slides. 


EQUIPMENT .VXD SUPPLIES 

1 pair pointed forceps for handling slides and cover glasses 
1 long-handled razor with disposable blades, or scalpel 
1 small tripod or ring stand 
1 ^rire gauze square with asbestos center 
1 burner 

1 pyrex beaker, 2.50 cc. . 

2 pj'rex beakers, 400 cc. 

3 Coplin jars 
used and new xylol 

potassium bichromate-sulfuric acid cleaning solution (containing no water) 
clean alcohol, 70 to 95 per cent 

1 clean heaAw wiping cloth 

2 clean, soft, white, lintless wiping cloths 


PROCEDUKE 

1. Removal of paper labels. Place slides label-end down in a i/eaker or lurnblor 
containing just sufficient warm water to cover the labels. .As soon as the labG- 
become loose, remove the slides and Anpe them dr}’. Paper labels co\en.-d Aid; 
cellulose tape or shellac should be removed with a razor blade. 

2, Removal of cover glasses from mounted speamens. arm motjnted .'■lid' r. 
cover glass side up, over a low flame. ^\ith a razor or an old rcalpm pu.-ii t.hf 
cover glass off into a wide-mouthed bottle containing used xylol, r^ome slide.' 
ma}' have to remain immersed in xylol for several hours to loosen t ap mnun. . 
This method of removing cover glasses Is preferable to dipping in boiimg 
which maA' cause the surfaces of the slides, cover glasses and beaker^- to .rcuu. 
etched. 
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3. Bcmoval of imnwrsion oil, mounting mediums, paraffin and other embedding 
material. Place the slides from which the cover glasses have just been removed, 
on end in a storage jar containing used xylol. Slides stuck together should be 
separated with a razor blade before being placed in xjdol. The slides should be 
covered by xylol and should be kept in tliis solvent at least over-night. The most 
satisfactory' containers for this purpose are straight-walled, covered, wide- 
mouthed glass specimen jars just deep enough to accommodate the ordinary' 3 
inch by 1 inch slides set on end. 

4. Removal of stained or imsiained smears and sections. Slides free of immersion 
oil and mounting or embeddmg mediums may be quickly freed of most of the 
remaining superposed material with a few strokes of the razor blade. 

0 . Fmal cleaning procedure. Set up an “assembly line” as follows: 

a. Coplin jar of used xylol; 

b. Coplin jar of new .xylol; 

c. Place a 250 cc. pyrex beaker about two-thirds full of strong cleaning solution on 
an asbestos wire gauze over a low flame; 

d. In front of the beaker containing cleaning solution, place two 400 cc. pyrex bea- 
kers containing hot water; 

e. Coplin jar containing 70 to 95 per cent clean alcohol. 

0. Place from ten to fifteen used slides in the jar of used xydol. With the 
forceps, remove one slide at a time from the used xydol, drain it on the side of the 
jar, swish it back and forth in the new xylol, drain as before, wipe vdth the heaty 
cloth, taking care to keep both hands covered with the cloth to avoid cutting 
the hands. Repeat until all the slides are out of the first jar, then insert another 
batch of from ton to fifteen slides in the jar of used xylol and clean as before. 

7. Immerse one of the wiped slides completely in the hot cleaning solution, 
then remove it with the forceps, drain it well again.st the side of the beaker, simul- 
taneously inserting another slide in the hot solution with the other hand. To 
avoid exce.ssive corrosion of the forceps, quickly plunge the cleaned slide into the 
first beaker of hot water. Swish it in the water a few times, drain it against the 
side of the beaker, then swish it in the second beaker of hot water, continuing to 
handle with the forceps only. Drain and wipe the slide with a clean, lintless 
cloth. Swish the slide in alcohol and wipe it dry with another clean, lintless 
cloth. As each succeeding slide is removed from the hot cleaning solution, an- 
other .«lide, wiped dry after treatment Avith xylol, is dropped into the hot cleaning 
solution. Cover glasses are treated like slides, except that they are not dropped 
into the hot solution, but are carefully dipped several times in the hot acid- 
bichromate until free of extraneous matter before rinsing in hot water. 

1 he cleaning solutions hould bo kept hot but it is not necessary for the solution 
to reach the boiling point. The hot xvater in the rinsing beakers should be 
changed for every Iavo batches of slides. Occasionally, more cleaning solution 
will have to be added to the beaker. If the cleaning process has been properly 
carried out, a drop of di.stilled water will spread evenly on the cleaned glass 
surface. 

I^.rino(on, Kenluclnj 2.\e N. Wv.ant, M.A, 
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LY.MPHOCYTIC IXFILTRATIOX AXD HEMOPOIESIS IX 
THE LIVER OF TUVIOR-BEAIHXG HAMSTERS" 

MARGARET A. KELSALL, Ph.D., axd EDV.'AHD D. CRABB, Pfj.D. 

From the Deparlmcnl of Biology, Unirersily of Colorado, Boulder, Colorado 

; Aggregates of hTnphoQ'tes and plasma celE occur in the periportal connective 
tissue in the livers of S\Tian hamsters implanted with a rapidly gro\ving. mixed- 
cell sarcoma, but similar aggregates are absent in the livers of normal hamsters 
and are not observed in livers of several other laboratory rodents. The purpose 
of this investigation is to determine the relation and significance of this inhlt ra- 
tion to the development of the implanted tumor. 

Lv-mphocytes and plasma cells, although usually stre.ssed in text-book de- 
scriptions of cirrhosis of the liver, are specifically mentioned by onh' a few of the 
manj' investigators interested in hepatic cirrhosis. Even” stated that the first 
response in experimental cirrhosis in rabbits is marked by dilation of the capil- 
laries and infiltration of round cells. Infiltration of periportal areas b}' round 
cells has also been reported to accompany proliferating connective ti.s.sue in the 
livers of patients suffering from malarial cache.xia (Craig®). 

Several authors who have been interested in the efTects of chemical carcino- 
gens on the liver have mentioned the presence of periportal l.N-raphocytes in 
relation to the histogenesis of experimentalh' induced hepatic and e.xtrahepatic 
tumors. Lymphocytes infiltrated the proliferating fibrous connective tissue 
of the liver in rats at the end of two months of feeding butter-yellow (Sugiura and 
Rhoads®'). Mter injecting dibenzanthracene into rats, Goerner and Goorncr” 
observed infiltration of small round cells into necrotic areas about the central 
vein and in the peripherj' of the hepatic lobules. Slight periportal infiltration of 
hunphocytes and plasma cells was present in the livers of rats injectc*d with 
dibenzanthracene (Comil, Paillas and CastueiP) and in the livers of hamsters 
injected with benzp^Tcne (Halberstaedter*®). Fibrosis, aggregates oi I\Tnpho- 
cytes, and peraistence of bile ducts followed the stage of active inflammation in 
an hepatic sarcoma that Avas produced bA' methylcholanthrene in rats (Eisen'")- 
Ivahlstorf^® rcA’icAved the extensh'e literature on infiltration in the liver, beginning 
AA'ith ISGO, and- stated that he obserA'cd periportal infiltration in 20 ca.ses of ciir- 
cinoma of the stomach and intestine in man. 

Conditions that obstruct the blood and lymph courses are often followed by 
infiltration ly the cells that are present in the blood. In chronic lymphoid 
leukemia hunphocytes may accumulate Avithin blood sinusoids and A'essels of the 
Ih’er (Green,*® AIacCallum,“ Mallory^). Similar accumulations haA'C been 
described in leukemia of the dog (Bloom and Meyer*) and in experimentally 

* This studr was aided by grants from the Bauer .and Black Diidsion of the Keiidsd! 
Company and* from the Res*ea'rch Council of the Graduate School of the University of 
Colorado. Part of the work w.ns done while the senior author wa.? :i reciplc.nt of a Finney- 
Howell Medical Research Feliow.ship. Received for publication, August lo, 19ti. 
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induced leukemias of mice (LaAv^O Jind cliickens (Bui-mester, Prickett and Bold- 
ing- and Olson-^). 

Lymphocytes and plasma cells, normally present in bone marrow, have also 
been found associated with extramedullary myelopoiesis in the liver and other 
organs (Jordau*'“). Numerous clinical reports show that extramedullar}' myelo- 
poicsis is associated with A'-arious pathologic conditions in man, such as leuko- 
erythroblastic anemia (Mendeloff and Rosenthal-®), erythroblastosis (Ferguson*-), 
and in experimental animals following injection of saponin C'Vu 5 i:s®') and vaccine 
of E. coli (Lang-®). The relation of the presence of tumoi-s to extramedullary 
hemopoiesis in the liver, however, has been considered by only a few writers. 
Parsons®® noticed infiltration of round cells and the presenee of myelocytes and 
immature leukocytes in the portal areas in the livers of mice having leukemia 
coincident with a mixed-cell sarcoma. Takizawa®® found myeloid foci in the 
livei'S of cats having primary hepatomas produced by feeding o-amino-azotoluene. 


TABLE 1 

Rklatiox of Ix.axitiox to PEUiroRTAii Ixfiltratiox op LYMmocYTEs and Plasma Cells 
and Necrosis in the Lia-ers op S Male Hamsters 


1 

AKIUAL NVMXirR 

j 

1 

INITIAL 
^\TIG^T 1 
GRAMS j 

^•Eicirr LOST 

Grams 1 

BY IN.ANITION 

Percentage 

DURATION or 

INANITION IN 

DAYS 1 


INFILTR/VTION 

NTCEOSIS 

PRESENT 

334 

89. 2 ! 

27.2 

(30.5) 

17 

233 

0 

+ 

335 

87.0 

32.5 

(33.5) 

17 

224 

0 

0 

330 ! 

90.0 

33.0 

(34.4) 

17 

53 

0 

0 

338 i 

107.5 

30.5 

(33.8) 

17 

53 

0 

0 

343 

70.5 

35.4 

(46.3) 

24 

SO 

0 

0 

344 

. 82.5 ! 

28.0 

(34.0) 

24 

80 

0 

0 

345 

74.0 

20.0 

(31.1) 

24 

80 

0 

0 

346 ! 

i 

97.0 

31.5 

(32.5) 

24 

80 

0 

0 

Mean j 

89.90 

31.2 

(34.4) 

20.5 

113.5 




Tchakhotine®' suggested that protein substances from tumoi's initiate develop- 
ment of hemopoietic tissue. 

MATERIALS AXD AIETHODS 

The animals used in this work comprised 70 tumor-bearing hamsters (none 
of which had a definite metastasis to the liver), 8 starved hamsters and 20 con- 
trol hamsters, all Mcsocricclus aurahis. The animals were from a closely inbred 
stock and included both sexes and various ages. In addition, the normal livers 
of 1 young guinea pig and 3 adult guinea pigs, 1 adult wild muskrat (killed in 
Xovemiier 194G), and 2 adult white rats were examined for comparison. 

The tumor-bearing hamsters had been subpannicularly implanted with var- 
ious fran.splant generations of a mixed-cell sarcoma that was originally induced 
by injections of 9, 10-dimethyl-l ,2-benzanthracene (Crabb,® and Fig. 1, animal 
A4;1F). In order to detemiine whether the periportal infiltration was due 
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directly to tlie eflects of the sarcoma or was related to the resulting cachexia, 
tv.'o groups of 5 normal iiamstcj-s were kept- on a restricted stock diet until tliey 
were reduced to a .state of e.xtreme inanition as evidenced by death of one animal 
in each group. Ihe porcentage.s ol weight lost in the S surviving hamstei*s are 
gi\'en in Table 1. 

Tile tumor-bearing animals are considered in 5 major groups (Table 2) based 
on the relative duration (number of days from implantation to death of the 
host) of tiie implanted sarcoma, a method which serves as an index of the growth 
and toxicity of necrotic changes in the tumor. The duration was greatly in- 
crea.sed and the effects of the implanted sarcoma thus prolonged by subtotal 
removal of tlie tumor once or twice before the ho.st became cachectic. 

Thick piece.s of both right and left anterior lobes of the liver v.'cre routinely 
fixed in sublimate-alcohol solution, imbedded in paraffin, sectioned at S micron.s 
and stained with Grubler’s toluidine blue or Iw the Feulgen methcKl (Cowdrw). 
Staining with toluidine blue proved to be a speedy, efficient method for identi- 


TABLE 2 

IxciDEXCE OF Pehiport.^e IjY.mpiiocvtic .\Nn Pi..<.s.u.\ Cell 

.\XD Lv-MPuoin XonuLEs ix the Ei 


I .V FI LTR.‘.TI O.V . H EM OPO! E 51 a 
VEP. 
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KCifEER or 
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20 

0 

I 0 • 

0 

0 

0 

Inanition . 

Tumor 

S 

0 

■ ^ ! 

; i 

0 

0 

1 

1-0 days 

0 

9 

' 0 ; 

0 

0 

0 

11-20 da%-5 

0 

9 

; 2 < 

1 

1 

0 

22-30 da vs 

17 

17 

S ■' 

2 

0 

0 

31-91 davs 

17 

17 

’ 13 i 

0 

1 

1 

Subtotal 

18 

IS 

! 11 ! 

5 

1 

2 

Total tumor 

70 

70 

i 3-} ; 

14 

3 

3 


fication of plasma cells and possc.^.'eii other advantages over hematoxjdin and 
eosin. Delafield’s and modified Ileidenhain’s iron-hematoxx-lin, Mallory’s 
phosphotungstic acid-hematein-ammonium, and Mallory's aniline blue stain 
for white fibrous connective tissue were also used for pliotographic purposes or 
to check histologic stniclures in the liver. 


onsEnvATioxs 

Tiic liver of the nomtal hamster is similar in stnicturc to that of mo.«t mammals 
in that the fibroelastio connective tissue, which is a part of Glisson’s capsule 
(Whitney*'^) does not delimit tlie hepatic lolniles, but is limited chiefly to arc.as 
surrounding the portal x-cs-sels and bile ducts. The periportal connective tissue 
and blood sinusoids in normal hamsters usually contain a fev,- lymphocytes and 
occa.^^ional plasma cells and polymorphoiuiclear leukocytes, but thoe cells do not 
occur in aggregates as they do in the livers of the tumor-bearing hamsters. 

A few mtist ceHs occurred in the periportal ti.^.suc of tlie tumor-hearing hamsters 
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and were also found in this region in 2 of the 20 control animals. ISIast cells, 
however, were found occasionally in the connective tissue around the gallbladder 
in most of the control and tumor-bearing hamsters. 

Nuclei of parenchjTnal cells in the liver of tumor-bearing hamsters appeared 
to be similar in size and structure to nuclei in the liver of controls. A few bi- 
nucleate cells occurred in the Ih'ers of both the normal and tumor-bearing ham- 
stens, but no obvious differences were found in the number of binucleate cells 
in the two groups. In addition, no differences were observed in the size of 
hepatic nuclei in the two groups. 

Cirrhosis ayid 7iecrosis. The more widespread hepatic changes in the tumor- 
bearing animals were characterized b}* periportal infiltration and the occurrence 
of hemopoiesis and l>Tnphoid nodules; however, cirrhosis and necrosis were found 
in the livers of a few tumor-bearing hamsters (Table 2). Portal cirrhosis (Fig. 
20) occurred in tlnee hamsters having tumois of var 3 'ing durations. Ljunpho- 
ev'tes and plasma cells were present in sinusoids (Fig. 21) and as isolated cells 
throughout the cirrhotic areas in these animals, but cells in these areas were not 
as numerous as in the areas of periportal l 3 "raphocjdic infiltration (Figs. 14-10). 

Focal necrosis occurred in three of the tumor-bearing hamsters. The size of 
the necrotic areas varied from a few degenerate cells (Figs. 17, 22) to larger areas 
having margins that showed beginning fibroblastic proliferation (Fig. 18). 

Metastasis to the liver. No definite tumor growths were found in the livers of 
any of the 70 tumor-bearing hamsters. This absence is surprising in view of the 
fact that in man there is a remarkabty high incidence of metastasis to the liver 
from primar 3 ' neoplasms that are not situated within the areas draiiicd by the 
hepatic portal S 3 ’stem and that the liver is the site of blood-borne metastases 
in from 24 to 30 per cent of all classes of malignant tumors (Willis®'^). 

Peri-portal infiltration. Within twent3'-four hours after the hamstem received 
implants of the tumor tissue, the number of individual lymphoc3'tes and plasma 
cells increased, and aggregates of these cells formed within the b'Tnphatics and 
.sinusoids in the connective tissue surrounding the portal A'eins and bile ducts. 


Plate 1 

Tissues represented bv tlie figures in this plate were stained b\' the Feulgen method 
for thynionucleic acid. The nuclei of Ij'mphocj'tes and plasma cells, represented bj' the 
round black dots, are darker than the nuclei of hepatic cells because they contain more 
thymonucleic acid. All figures are magnified 150 times. 

Fig. 1. Slight infiltr.ation of h'mphocytes and plasma cells in the periportal connective 

1 issue of a hamster having a mixed-cell sarcoma for fifteen daj’S. 

Fig. 2. Infiltration at the bifurcation of a portal vein in the liver of a hamster having 
a sarcoma for twenty-two days. 

Fig. 3. Longitudinal section of a hepatic portal vein from the same animal as in Figure 

2 to show . ‘ ■ 3C3’tes and plasma cells in the periportal areas. 

Fig^ •} :■.'.■■■ ■■ of portal ve.ssels from a hamster having a tumor fifty-six 

da\'s (Fig. 4) and from one having a tumor loS day's, a period during which two subtotal 
removals of the tumor were made (Fig. 5). 

I'igs. C and 7. Lvmphojd nodules near the margin of the liver from a hamster haxdjig a 
turner twenty-five days (Fig. 6) and from one having a tumor scx’cnty-seven days (Fig. 7). 

I' ig. S. Heavy infiltration in the connective tissue around a bile duct from the same ani- 
mal as in Figure 5. 
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The cells then continued to infiltrate this connective tissue until the Ijunphatics 
and sinusoids could no longer be distinguished (Fig. 10). 

t'ariations in the amount of periportal infiltration during the first few days 
after implantation (Figs. 1, 10) suggest the possibility that the amount and 
condition of the tumor implanted is a factor responsible for the initial infiltration. 
Two hamsters that had been injected with ma.ssive doses of the necrotic fluid and 
fragments of living tumor tissue had livers that contained e.xtensive infiltration 
of plasma cells and hmiphocytes at the end of seventy-two hours (Fig. 12), 
while two other animals that had received similar doses of living fragments of 
the same tumor with onh* about one-fourth the amount of necrotic fluid had very 
small and eompai-ativcly few aggi-egates of these cells in the liver after the same 
period (Fig. 13). 

Y-rcgion of infiKratmi. Periportal infiltration of the connective tissue begins 
at the bifurcation, or y-region, of the vessels. The infiltration was noticeable 
fifteen days after implantation, became pronounced twenty-two daj's after in- 
jection of the tumor (Figs. 2, 3), and proceeded throughout the periportal areas 
until the infiltration extended aljout the bile ducts (Fig. S) and about the larger 
blood vessels and bile ducts (Figs. 4, 5) as well as around the smaller terminal 
branches of these vessels. 

The periportal areas, which arc very narrow in normal hamsters (Fig. 9), 
were considerably widened before hemopoietic foci developed. The widening 
l)rocess is affected by plasma cells which encroach on the hepatic cells (Fig. 34) 
and api)ear to destroy them bj’’ secreting proteolytic enzjTnes which cause dis- 
integration of the adjacent parenchyma (Figs. 34, 35). That the invading 
plasma cells secrete proteol 3 'tic enzj'-mes is indicated bj" the fact that the}'’ were 
usually surrounded bj' \-acuoles within the hepatic cells (Figs. 10, 11, 34). Simi- 
lar vacuoles were present around plasma cells that had been ingested b}’’ mega- 
kar.vocytcs in the bone marrow (Fig. 28). 

JiusscU’s bodies. Fuchsinophilic inclusions in the C 3 ’’toplasm of plasma cells 
(Ru.s.seir.s bodies of Malloiy-^ and Stengel and Fox’’) were found in the periportal 
infiltration in several tumor-bearing hamstei-s. Sections of the liver from 20 
hamstei’s having tumors were stained with acid fuclisin, and the plasma cells 
were examined for fuchsinophilic inclusions. Russell’s bodies were found in 


Pli.^TE 2 

Tissues in all figures c.xcept Figure 9 were stained with iron-hematoxwlin and co.sin. 

Hg. 9. Absence of periportal infiltration in a normal hamster. Feulgen slain. X 100. 

I'igs. 10 and 11. fsimilarily in the periportal infiltration of lymphocytes and plasma cells 
in a hamster h.aving a massive injection of necrotic tumor tissue lor only forty-eight hours 
(l ij;. 10) and in a hamster having a rapidl}' growing tumor for fift 3 '-one days (Fig. 11). 
X ‘11)0. 

I'ig. 12. Extensive infiltration of l\’mphoc\-tcs and plasma cells in the liver of a hamster 
that liad received 1 ee. of a suspension of necrotic and minute bits of living tumor ti.ssuc 
.“(•venty-two hours previously. X 100. 

I'ig. 1.3. .-Vrea of greatest infiltration of lymphoc\’tes in the liver of a hamster that had 
rcet'ived iinjilants oi one-fourth the amount injected into the host in 12. The implaiita- 
tion (I'ig. 13)jivns also made seventy-two hours previousK'. X 100. 

rigs. 14. 15 and 10. Sections showing the similarit}’ in cells infiltrating fhe periportal 
eonneetivc tissue in the liver of hamsters having tumors twcntv-threc days (Fig. 11) fniy- 
one day.s (I-ig. 15) and 1.5S days (Fig. 16). X 1200. 
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large numbers in the livers of 3 animals, but thej' were found onlj' occasionally 
in the livers of the remaining 17 animals. In the 3 animals, the plasma cells 
that contained Russell’s bodies were present in localized, e.xtensively infiltrated 
areas as Dawson and IMasur® found in certain sinuses in the inguinal hunph nodes 
of normal rats. The livers of two of these hamsters contained hemopoietic 
areas, and in the third, Ij-mphoid nodules were present. 

Comparisons were made to determine if the Russell’s bodies and ei^’throcj’tes 
of tumor-bearing hamsters stain similarly to these two elements in the rat (Kin- 
dred'-). The Russell’s bodies were definitely chromophobic, appearing as vacu- 
oles, and the erj-throcj-tes were likewise colorless in sections stained with toluidine 
blue or by the Feulgen method. Russell’s bodies, however, were the same color 
as erjihrocjdes in sections stained with Mallorj^’s aniline blue coimective tissue 
stain, hematoxjiin-eosin, and with a solution of less than 0.1 per cent acid fuchsin. 
These obseiwations on the hamster support the tenet that Russell’s bodies are 
hemoglobin (Jordan,'" Kindred'®). 

Cachexia. The periportal infiltration in the liver of tumor-bearing hamsters 
was considered as possibh' being due to cachexia, a condition that commonl}' 
occurs in the presence of advanced tumors and in association with wiiich hepatic 
cirrhosis has been known to develop (MacCallum"'). The livers of the eight 
stars’ed animals, whose weight had been reduced 30 to 46 per cent (Table 1), 
were noticeably shrunken but did not contain periportal infiltrations. In the 
oldest animal of the group, there was a single necrotic area that contained pyk- 
notic small and large lj’Tnphoc\'tes and a few poljTnorphonuclear leukocytes 
(Table 1). With this exception, the number and structure of ljTnphoc 3 ’tes, 
poljanorphonuclear leukoc}'tes, mast cells and plasma cells were about the same 
in the starved as in the control animals. Numerous endoplasmic vacuoles were 
characteristic of the hepatic cells in the starved animals (Fig. 24), but similar 
vacuoles were rareh' found in the control and tumor-bearing animals (Fig. 25). 

Hemopoiesis in the liver. Hemopoiesis occurred in areas of periportal infiltra- 
tion in the liver of 34 of the 70 hamsters having tumors (Table 2). Extramedullar}' 
hemopoiesis was present in one animal as early as eighteen days after implanta- 


PlATE 3 

Tissu(^ in all figures, except 23, were stained with iron-hematoxylin and cosin._ 

I‘ig. 17. Necrosis in the liver of a hamster having a mixed-cell sarcoma for thirty-five 
days. X 400. 

Fig. IS. Fibrosis surrounding a large necrotic area in the liver of the same animal as in 
Fig. 17. X 400. 

I'ig. 19. Section of a necrotic area from the same hamster as in Fig. 17 to show plasma 
cells, lymplmcytcs, and dissociated parenchymal cells in a necrotic area. X 1200. 

tig. «0. Cirrhosis in the liverof a hamster having a tumor for thirty-eight days. X 400. 

I'lg, 21. Small lymphoevtes in proliferating connective tissue from the cirrhotic area 
represented in Fig. 20. X 1200. 

r-^' ^®?*^®''F^*°P''^'^’^cllsfroinahamstcrhavingnturaorforsixty-sixdays. X 1200. 
. v'S- “-S. Pyknosis and chromatolysis of lymphocytes and polymorphonuclear Icukocyto.s 
in the periportal connective tissue of a hamster having a tumor for fifteen davs. Feulgen 
stain. X 1200. 

I'ig. 24. Hepatic cells of a hamster subjected to inanition for seventeen days. Note 

the large_cytopla.smic vacuoles. X 1200. 

I'ig. 2.5. Ilcjiatic cells of a hamster having a tumor for fifty -one days showing 
usual condition of absence of vacuoles in the cytoplasm of the hepatic cells. X 1200. 
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tion and as late as 158 days after implantation in one animal that had been sub- 
jected to two subtotal removals of the tumor; however, hemopoiesis did not occur 
in all animals having subtotal removal of the tumor, and it was completely absent 
in the livers of 23 of the 58 animals having the implant for more than eighteen 
days. The occurrence of hemopoietic foci was not related to the age of the ani- 
mal at the time of implantation or to the presence of cirrhosis or necrosis of the 
liver (Table 2). 

The cells that were present in hemopoietic foci in the liver (Fig. 2G) were simi- 
lar to those present in the bone marrow (Figs. 27, 28). In the liver, mitoses 
were numerous in cells tliat were identified as myelocytes (Figs. 32, 33). Small 
hunphocytes and plasma cells were scattered tliroughout the foci, as in the bone 
marrow of hamsters, and megakaryocytes were also present. 

Both myelopoiesis and eiythropoiesis occurred in the periportal areas. Mye- 
lopoicsis was decidedh' the more frequent, cells of the erythropoietic series being 
scattered singly throughout the foci rather than being in aggi'egates as were the 
developing cells of the leukoc 3 dic series. Development of the polymorpho- 
nuclear leukocj’tes could be traced by' variations in the nucleus from nuclei 
having a small central vacuole similar to that of a proeiythroblast of Maximow 
and Bloom-^ to the ty^pical polymorphonuclear form. The intermediate stages 
of the ring, or “douglmut”, nuclei as described by Simonds’“ and Parsons-’ 
for the mouse, were veiy numerous in my-eloid foci in the liver of the hamster 
(Figs. 30, 31). 

Lymphoid nodules in- the liver. Lymphocy-tes were very conspicuous in sec- 
tions of the liver stained by the Feulgen method because of the greater content 
of thymonucleic acid in their nuclei than in the nuclei of hepatic cells (Fig. 29), 
and the lymphoid tissue was, therefore, clearly defined and readily detected 
(Figs. G, 7). Lymphoid nodules were present in 14 of the 70 hamsters having 
tumors (Table 2), but no nodules were found in any of the 9 hamsters having 
implants less than five day's. These nodules were not present in the livere of any 
of the 20 control hamsters, 8 hamsters subjected to prolonged inanition, or in 
the livci-s of the normal guinea pigs, the muskrat, or the rats examined. These 


Pl..\TE 4 

Tissues in all figures, except 29, 31, 32, 33, were stained with iron-hcmatoxylin and cosin. 
All figures are X 1200. 

Fig. 2G. Two megakaryocytes in the hemopoietic tissue occurring in the pcriport.al con- 
nective tissue of a hamster having a tumor for twenty -two days. 

Fig.s. 27 and 2S. Two sections of bone marrow from a hamster having a tumor for fifty-six 
tlay.s. 

Fig. 29. Lymphocytes in blood .sinusoids of the liver of a hamster having a tumor for 
thirteen days. Feulgen stain. 

Fig. .30. Hemopoietic tissue from the liver of a hamster having a tumor for twenty-two 
liay.s. Note the young (doughnut) nuclei and the two plasma cells. 

tig. 31. Several stages in the formation of nuclei of jjolymorphonuclcar leukocytc.s. 
I' roni the liver of a hamster having a tumor for twenty-two days. Feulgen stain. 

Figs. 32 and 33. Nlitoses from a hemopoietic area'in the liver of the same hamster as 
31. Feulgen stain. 

Fig. 34, A plasina cell emhedded within a hepatic cell and one surrounded bj' a large 
clear space in the liver of a banister having a tumor for fifty-one days. . 

tig. .3, a. Finusoids in the iieriportal connective tissue showing lymphocytes and plasma 
cells in the liver of a h.amstcr having a tumor for fifty-one days. 
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observations agree with Gerlach’s'* statement that blood-forming cells do not 
occur in the livers of normal guinea pigs and vdth Maxia’s"^ generalization that 
h-mphoid infiltrations are seldom found in the livers of normal mammals. 

The presence of Ijunphoid nodules in the hepatic parench3TOas in the 14 tumor- 
bearing hamsters did not appear to be related to degenerative changes in the 
liver or to the extension of hemopoietic foci. The liver of onlj"" 1 of these 14 
animals contained necrotic areas, but hemopoietic foci were present in the peri- 
portal areas of 12 of the 14 livers that contained Ijunphoid nodules. That the 
IjTnphoid nodules are not precursors of hemopoietic foci is indicated bj^ the fact 
that hemopoiesis was limited to the extended periportal areas; while the l3'mph- 
oid nodules occurred within the hepatic parench3Tna (Figs. 6, 7) as described b3’’ 
Dawson' in the liver of Necturus. 

The banphoid nodules in the liver are similar in structure to those m the axil- 
lar3' and mesenteric l3'mph nodes in that practical^'’ all the cells within the struc- 
ture are small and large l3’mphoc3’tes, while po^Tnorphonuclear leukoc3'-tes are 
ver3' rare and plasma cells are found chiefl3' around the peripher3’’ of the nodules. 
Since numerous mitoses of large l3Tnphoc3i;es occur within the nodule, it seems 
that the increase in size of the nodules is b3’’ local proliferation following apparent 
proteol3’tic action of the plasma cells upon the surrounding hepatic cells. This 
apparent proteol3’tic action makes possible an increase in space into wiiich the 
nodules ma3' extend. 


DISCUSSION 

The presence of periportal infiltration in the liver of each of tlie 70 tumor- 
bearing hamsters ma3' be explained b3' l3'mphoc3i;es and plasma cells having a 
part in protein metabolism. In this case the initial infiltration would perhaps 
be due to catabolism of the necrotic tissue that was injected, and the subsequent 
progre.ssive infiltration is due to the more rapid catabolic processes caused b3’' 
the rapidb'-growing and necrotic tumor tissue (Stengel and Fox^O- Drinker and 
Y6ffe3’® have reviewed the work of several investigators who maintain that 
l3Tnphoc34cs contain proteob'tic enz3"mes. The obseiwations made in this work 
on the proteol3'tic activit3' of plasma cells give evidence indicating that plasma 
cells also produce similar enz3'-mes. 

There are several other possible e.xplanations for this infiltration. A chronic 
inflammator3' reaction, with infiltration of l3Tnphoc3’tes and plasma cells, could 
also be produced in the liver from toxic products of the necrotic tissue. Obstruc- 
tion of hanphatics leading from the liver Avould cause aggregation of l3’mphoc3'tcs 
and plasma cells in the liver. The course of l3’’mphatics in the liver has not been 
satisfactorih" established, but no evidence from this work indicates that there 
were obstructions. Another problem in this assumption lies in the fact that 
ncitnci the source of plasma cells nor their course in the liver is known. 

SU.M.MARY 

L3Tnphoc3'tes and plasma cells infiltrated the periportal and periductal con- 
nective tissue in the livers in all of the 70 hamsters that had been subpannicularl3^ 
implanted in the lumbar region with a mixed-cell sarcoma. 
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The initial periportal infiltration, which varied according to the amount and 
condition of the tumor tissue implanted, began in the host within twenty-four 
hours after implantation. 

Extramedullary hemopoiesis in the periportal connective tissue of the liver 
occurred as early as eigliteen days after implantation in one hamster and was 
present in 34 of the 70 tumor-bearing hamsters. 

Ljunphoid nodules were present in the pareneh>Tna of the livers in 14; cir- 
rhosis, in 3; and necrosis, in 3 of the 70 hosts. 

Periportal infiltration, hemopoietic foci and h-mphoid nodules did not occur 
in any of the 20 control hamsters or in the livers of the 8 hamsters subjected to 
inanition. 

Plasma ceils in the periportal connective tissues and those surrounding lym- 
phoid nodules invaded contiguous hepatic cells and destroyed them apparently 
by secreting proteohdic enzv'mes. 

Aclmovchdgmenl. The photographs xvere made b}- Mr. Glenn K. Mili.«. I'niversitv- of 
Colorado School of ircdieine. 
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EFFECT OF INTKAVEXOUS ADMIXISTRATIOX OF DEXTRan 
A MACROMOLECUL-\R CARBOHYDRATE, IX .\XIMALS^'“ ’ 
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With the technical assistance of Theodore P,. Deems, E.S., and Frank Hesser, B.S. 

From The HeJdocn Inslilulc for Medical licscorch and the DepartmaU of 
Pathology of Cook Courdy Ilosjdtal, Chicago, Illinois 


Dextran is a macromolecular carljohydrate udiidi is fonned hy the polymer- 
izing action of the bacterium Lcuconosloc mcsentcroidcs, on sucrose.® - - S'.ved- 

ish investigator’ recently reported favorable results on a large amount of diniral 
material tvitb, the use of Dexiran solution as a pla-sma substitute. This suggestt^l 
the need for a thorough experimental study on the ctTcct of the intravenous 
injection of macromolecular substances in general. Such a study would supple- 
ment investigations made on gum acacia, pectin and gelatin and especially the 
e.xtensive studies of Hueper^’- on macromolecular substances in general. 
Dextran deserves special interest since it represents an easily .split carbohydrate 
pohnner chemicalh* related to glycogen or starch. The inve.'-tigations unrler- 
taken were similar to previous ones on gelatin and pectin.’'’ They included the 
ability of Dextran solution to produce hemodilution, the died on the blood, on 
renal and hepatic functions, the histologic changes produced by repeated ad- 
ministration and, finally, investigations as to possible antigenicity of Dextran. 
The latter appeared desirable in view of studio.? showing its relationship to the 
carbohydrates in pneumococci. 


MATEPvIAL 

The material used (Macrose) vas a partly hydrolyzed Dextran. (It was 
provided in 6 per cent solution in distilled water by Schenley Laboratories in 500 
cc. flasks filled and sterilized by Baxter Laboratories.) Its average macromolecu- 
lar size was considered more suitable for use in fluid-replacement t herap3' than t he 
original De.xtran. It represented a water-clear fluid of .syrupy comsistcncy, 
perfectly liquid even at ice box temperature. The experiments were carried 
out on a total of 8 dogs, 26 rabbits and 14 guinea pigs. 


BESITLTS 


HemodihUion experiments. Rabbits and dogs were injected with 15 cc. of 
the Dextran solution per Kg. body weight and the changes in hemoglobin, red 
blood cell count, hematocrit, total protein and white blood cell count uere 
determined thirty minutes, three hours and twent 3 '-four hour.-; after the mi- 
ministration. .As seen in Table 1, a significant reduction occunr-d in each u( 
the factors listed. These changes were somewhat le.ss marked three hour.^ afici 


* Supported by a grant frorii Schenley L:*.boratoric.s, Inc., Nc'v 3 o: 
for publication. September 2, 1947. 
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the ndmini-stration, and were only one-half as marked twenty-four .houi-s later. 
The cliange.? in the value.? of the different factors were parallel except, for the 
white blood cell count which returned more quickly to normal, showing that tiic 
changes were not due merely to the hemodilution. Wien the administration 
was repeated at one day inten'als, a cumulative effect of the administration upon 
the hemodilution was noted, as seen in Fig. ]. 

Scdmeniadon rale. The sedimentation rate rose in all instances following 
the administration of Dextran. At no time was rouleau formation demonstrated 
in .<pite of the elevated sedimentation rates. Repeated injections at short in- 


TABLE 1 

llrMODiiATTioN Experiments in Doos .\nd R.\bbit 3. 15 cc. or Dextban per Iulogr.am 
or Body Weight Was Administered Intravenously 


DOCS 

RABBITS 

Determination 

Num- 
ber of 
experi- 
ment 

Num- 
ber of 
ani- 
mals 
tested 

Average level 
before deter- 
mination 

Average percentage 
in change at indi- 

cated time after ad- 
ministration 

Num- 
ber of 
exper- 
iment 

Num- 
ber of 
ani- 
mals 
tested 

.Average 
level before 
determina- 
tion 

Average percentage 
in change at indi- 
cated time after ad- 
ministration 

l2 

Hour 

3 

Hours 

24 

Hours 

?'2 

Hour 

3 

Hours 

24 

Hours 

IIcmoRlobin 

0 

2 

12.S% 

-21.1 

-13.9 

-13.0 

n 

4 

10.4% 

-18.4 

-IC.S 

-13.2 

Red Iilood cells 

a 

2 

5.31 

(millions) 

-21.1 

-11.2 

—7.4 

n 

4 

4.71 

(million?) 

-19.2 

-10.2 

-9.6 

Hematocrit 

14 

s 


-I9.S 

-15.3 

-10.5 

11 

4 

ST.OTr 

. 

-23.7 

-23.3 


Total protein 

IS 

5 

S.SlVc 

-17.8 

-16.8 


9 

4 

4.6% 

-27.2 

-19.2 


White blood celb 

7 

3 

10,153 

-24.3 

+4.5 

+16.5 

11 

4 

10,909 

-42.4 

-18.0 


Scvlimentation rate 


2 

0.7 mm. /hr. 


+29.3 


11 

4 

9 mra./hr. 

+19 

+32 

-f-io 

Co.'urulation time 

3 

1 

SO seconds 


+15 

0. 







COi combining 
iy>\vcT 

13 

3 

<5% 

+0.8 

0 

-1.2 








tervals also revealed a cumulative effect upon the sedimentation rate with gradual 
return to lower levels (Fig. 1). 

/ njlucncc of repeated administrations. A series of animals received repeated 
injections of 15 cc. of De.xtran per Kg. body weight three times a week for several 
weeks, up to a total of 4G injections. De,?pite the ver}' large amounts of Dextran 
used, no significant changes were produced as far as blood count, hematocrit, 
hemoglobin and total protein concentration were concerned. At regular inter- 
vals during the period when the injections were being administered, the following 
determinations were made to test for hematologic changes or aberrations in renal 
or hepatic function: red and white blood cell counts, hemoglobin, hematocrit, 
bleeding time, clotting time, sedimentation rate, total protein, blood sugar, 
albumin-globulin ratio, cholesterol, cholesterol esters, thymol turbidity, soriiin 


























































DEXTRaX IX AXRIALS 
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dlkiilinG piiOspiiatafcC, urea clearance, noiiprolein nitroficn, uriiiaiA' a)l>urnin. 
urinary sugar, urobilinogen, stool urobilinogen, serum bilirubin and prothroml.sin 
time. Table 2 summarizes some of the results obtained showing that in some of 
the animals a slight anemia resulted v.-hereas ail the other tests revealed no 
significant alteration. 

Dexiran blood and urine levels. To compare the degree of hernodilution with 
the blood Dextran level and to study its .speed of disappearance from the i)loo<i 


T.\BLE 2 

Inflven'ce of Repe.^ted Admin'istp.atiox of Dexthan- Over P.roi.onge.o Period i ton 
V.AR ious Blood Factors i.v Dogs and Rarbits 



DOGS 


rt 

.Aninia] number 

; 4 : 1 1 5 ' 

3 ; 2 ■ 7 I 

I !2 ;■ 13 14 3:4 
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as well as its excretion in the urine, a metliod for Dextran determination v.a.s 
devised which rendered reproducible results in both blood and urine. Tiie pre- 
viously described method of Hint,’® although reliable for blood, could not l>e 
succes-sfully applied to the urine. The method used by is based upon precipi- 
tation of macromolecular carbohydrates such as De.xtran, by alkaline copjier 
sulfate, as u.sed in the method of liint, with redissohdng of the precipitate in 
distilled water. In the resulting .solution, the carboln-d rates arc dctemiincd by 
the iudol-sulfuric acid method of Dischc and Popper.’' Of Dextran added to 
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serum and urine, about 90 per cent Avas recovered. In the urine, under ba.sic 
conditions, a small amount of macromolecular carbohydrate of dextrin character 
Avas found which would react as Dextran with the method used. 



Blood and urine Ica'cI.s of Dextran Avere determined in 2 dogs following the 
admini-stration of 15 co. of Dextran per Kg. body Aveighl. After sevend days, 
Avhen the blood level had returned to zero, two additional injections were given 
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at one day inten-als ivliicli were followed by determinations until return to 
zero. The experiments gave equal results, one of which is illustrated in Fig. 2. 
A.S expected, the serum Dextran concentration is high five minutes after the 
intravenous injection. A rapid drop follows after the fiist hour after which time 
the drop becomes less rapid, but twenty-four houns later, the serum level still 
shows about one-fourth of the original elevation. After repeated injections, the 
serum level is maintained much longer and returas to zero only after five days. 
The bulk of the urinarj' e.xcretion does not occur vitliin the first three hoiir.«, but 
within the first or second da}'. The excretion is maintained for several days. 
The total amount e.xcreted is onh' a small fraction, about G per cent of the 
total amount injected. Copper reducing carbohydrates were at no time ex- 
creted. 



Anligenicitij cxperhncnls. Anaphylaxis experiments on 14 guinea pigs pre- 
viously .sensitized by intraperitoneal injection of Dextran solution, revealed 
negative results after intracardiac injection. Also, precipitin and compiement- 
ii.xation tests of the senjm of animals listed in Table 2 with Dextran were nega- 
tive, as were conjunctival tests on some of these animals. 

Hislologic. cxaj}una{ion. In all rabl.iits and dogs sacrificed Ie.*s than two days 
after an injection of Dextran, swelling and granularity of the epitludiid cells of 
the tubules of the kidney were seen; these were associ:itc<l with the presence of 
granular debris or homogeneous pink-staining globules in the lumens of the tu- 
bules (Fig. 3a). In some instances marketl vacuoliziition of the epithelium ami 
dilatation of the tubules were noted (Fig. 3a}. The changes involvcf! in order 
of frequency, the proximal convoluted tuViulcs. the distal convolutc<l tubules 
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and the loop of Ileiile. Special stains were negative for fat, and for gh-eogen or 
otlier ctirbohydrates (Bauor-Fculgen reaction). In the involved tidjule.s a dc- 
■crea-^o or disaiJjiearance of alkaline phosphatase was noted. The number of 
injections was not necessarih" of significant influence on the development of 
the.se change,s and the tubules appeared normal more than five days after the 
last injection, even when a large number of injections had been given. 

Glomerular and interstitial changes seemed to be more closely related to the 
number of injections. With the hematoxylin-eosin stain, the glomerular changas 
were characterized by homogeneous pink-staining swelling of the loops. Tliese 
changes varied in severity, up to almost complete replacement or obliteration of 
the glomerular elements by the homogeneous areas (Fig. 3b). The glomerular 
and capsular epithelial cells revealed reactive hyperplasia. The homogeneous 
material did not pve the Bauer-Feulgen reaction for carboh 3 fdrates, and gl.vcogen 
and amyloid stains were also negative. With McGregor’s modification of Mal- 
lory’s aniline blue stain these homogeneous areas stained deep blue as for colla- 
gen or In-aline (Fig. 3c). 

In Rabbit 4, the kidne\'s were grossh' enlarged. Homogeneous, pink-staining 
material was deposited in the interstitial tis.sue commencing near the cortico- 
medullaiy boundarj^ increasing toward the p.yramids and decreasing around the 
papillae (Fig. 3d). In less involved foci it was most marked around thick walled 
medullarj’’ capillaries (Fig. 3d). The glomerular changes, which generall.y were 
more marked in dogs than in rabbits, decreased onlj^ slightly if some time elapsed 
between the last injection and the time of sacrifice of the animal. 

To investigate whether preceding renal changes increase the deposition of the 
pink-staining material, 6 mg. of SaljTgan per Kg. body weight was injected 
intravenousl.y into each of 8 rabbits. Four of them were given 15 cc. of Dextran 
per Kg. on the third daj* after the Salj'rgan administration and on alternate clnys 
thereafter for a total of four injections. Two daj'S later the animals were sacri- 
ficed and all revealed various degrees of a mercury induced toxic nephrosis. In 
the Dextran treated animals thickening of the glomerular loops was noted 
(Fig. 3e) which, however, was comparable in degree to that found in rabbit.s 
receiving similar amounts of Dextran \\ithout SaKrgan administration. 

The remaining organs of the e.xamined animals failed to reveal characteristic 
histologic chang&s. Histiocj'tic reaction or arterial intimal proliferation, as 
described after intravenous injection of other macromolecular substances,'^ 
was absent. 


Fio. 3. Photomicrogr.aphs of kidneys of animals which had received Dextran injections. 
(I. Dog No. 3, granularity of cytoplasm of convoluted tubules, with amorphous and retic- 
ujar debris in lumens, some of which are dilated. Ilemalum and eosin. _>< SO, fi. Rabbit 
No. -1, almost complete hyalinization of a glomerulus; hydropic vacuolization of convoluted 
tubules. Hemalum and'eosin. X 230. c. Rabbit No. ”4, thickening of glomerular loops. 
Mallory conneenye li.ssuo .stain (McGregor modific.-ition). X 230. d. Rabbit No. 4, homo- 
geneous interstitial hyalin transformation in medullary portion of kidney; tubular atrophy 
and thickening of the capillary wall. Hemalum and eosin. X 80. e. Rabbit treated with 
De.xtran and Salyrgan, moderate thickening of basement membranes of glomerular loops. 
Hemalum and eosin. X 2.30. 
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General con^litiitional manifcstalions. No alterations were noted in any of the 
treated animals, even in those receiving the reported high amounts of Dextran. 
They gained weight and no anorexia was noticed. 

COiniEXT 

Almost nothing in the studies presented on rabbits and dogs would contra- 
indicate the use of De.xtran as a plasma substitute provided it would meet 
clinical standards in human beings; onb’- the significance of the glomerular 
changes deserves further consideration before employing the substance. It is 
an efficient hemodiluting agent which rather rapidly disappears from the blood 
stream although only a small part is excreted by the kidneys. Little cumulative 
elTect is noted if repeated injections are given and no untoward effects on renal 
or liver function were noted. The rise in the sedimentation rate is a characteris- 
tic sequela of the injection of any macromolecular substance.® Rouleau forma- 
tion which may lead to dangerous thrombus formation,’® was never encountered. 
The mild anemia occasionally seen after prolonged administration is possibly 
still the re.sult of protracted hemodilution. 

An c.xplanation, however, ma 3 ’’ be reejuired for the marked renal tubular 
changes noticed which are apparent!}’ transient in character. The disappear- 
ance of alkaline phosphatase from the renal tubules has been considered as 
evidence of functional impairment of the kidney;'' however, the laboratory 
.studies on the animals in vivo revealed no significant alterations, and in this 
instance, therefore, the histologic invc.stigation appears more sensitive than the 
functional studies. The lesion appeal's to be identical to the transient changes 
following administration of gelatin,’® which have been called gelatin nephrosis.* 
They are also identical with the changes observed in the human kidney following 
the administration of sucrose.’ In the vacuoles of the tubular epithelium Dex- 
tran could not be demonstrated by specific carbohydrate stains; however, it 
may have been dissolved during the embedding proce.ss. This Dextran nephrosis 
apiicai-s to be another example of the transient renal tubular changes following 
the intravenous administration of larger, non toxic molecules which are filtered 
through the glomeruli and, on reabsorption through the tubules, cause hydration 
of their epithelium. 

The deposition of the pink-staining material in the glomeiuli and in the one 
instance in the intei-stitial tissue, is obviously of gi'cater significance since it docs 
not appreciably diminsh after discontinuance of the Dextran administration. 
In view of the negative hlstochemical reactions this material is obviously not 
Dextran itself but possibly a protein precipitate resulting from temporary dep- 
osition of a large, water-binding carbohydrate molecule. The blue color in the 
Mallory reaction supports this Inq^othasis. The lesion may also be explained 
by deposition of large molecules within the wall of the glomerular tuft leading 
to a secondary protein precipitation. The lesion in the Dextran animals did not 
imp.'iir renal function as indicated by nonprotein nitrogen or urea clearance and 
w.'is not enhanced by preceding mercurial nephrosis. 

1 he fate of Dextran in the boily is not ejuite clear. ^ cry little, about G per 
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cent, was excreted in the urine as macromolecular carbohydrate and nothing a< 
reducing sugar; no evidence for significant deposition in any organ was found. 
One, therefore, can assume that the macromolecular .substance is broken down 
to small carbohydrates more easily assimilable in the body. 

From a general standpoint it is noteworthy that injections of relatively large 
amounts of a macromolecular substance repeated at short interrals for a lonR 
period do not interfere with the genenil condition and well-being of an aniraalj 
even when more than 1 Kg. of the solid material is given lo a dog weighing 24.4 
Kg. These large amounts do not produce any clinical or anatomic elianges of 
the liver, although this organ probabh* carries a great load in disposing of this 
material. This macromolecular carbohydrate which apparently is easily split, 
ma.v, therefore, be added to the series of substance-s teste^l by Iliieper and others 
as possible plasma substitutes. This material seems to represent the most 
innocuous substance of the series. 


SmUMARV 


On intravenous administration, a 6 per cent Dexfran solution is an e.^ective 
liemodiluting agent in dogs and rabbits. Tiie blood Dextran level <.lecreases 
rapidly within a few hours and after twentj-four hours is about one-fourth the 
original elevation. 

Only a small fraction of Dextran administered is excreted in the urine n.s macro- 
molecular or other carbohydrate. This sugge.sts that the greatest part is broken 
down and assimilated by the body. 

Histologically, transient ciianges in the renal tubules were found similar to the 
ones which follow the admini.stration of gelatin or .sucrose. Although the alka- 
line phospliatase stain showed morphologic impairment of the renal tuhule.«, no 
evidence was found of impaired function. .After administmtion of larger 
amounts of Dextran, a peculiar material was deposited witliin iJic glomerular 
loops but this deposition did not disturb renal function. 

Except for an occasional slight anemia, no significant permanent changes vere 
encountered in the blood, even after frequently repeated intravenous administra- 
tion of De.xtran. 7’he intra\'enous administration of exceedingh' i)igh amounts 
of this easily assimilable macromolecular substance (c.ff., more than 4 per cent 
of the body weight in solid material in 12G days) did not interfere with the well- 
being of the experimental animal. 

Judged from these animal e.xperiments, Dextran may represent a good plasma 
.substifutc*and .should be .subjected to clinical tests in Iniman patients. 
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\'ERIFJCATIOX AXTIGEX FOR THE IDEXTIFJCATIOX OF 
HSEFDOSYPHILITIC REACTIOXS OF SEROP 


HUGO IIECIIT, M.D. 

From Mount Sinai JJospitnl, Clcrclnnd, Ohio 

The specificity of tests for s.vphilis has never been regarded as absolute anti 
this has been shown to be especialh* true during the past few years. Since tiie 
early days of serodiagnosis of syphilis, it has been knov .71 that conditions other 
than sypliilis, such a.s yaws, leprosy, scarlatina, malaria, typhus, pinta, preg- 
nancy and malignant tumors produce in some patients serologic tests which are 
positive in varying degree. In recent \'ears, the following conditions ha%-e been 
added to the list; hjTierproteinemia,” smallpox vaccination,* - ' infectious 
mononucleosis,*^'-' meningitis*’ and repeated blood donation.-"'- These 
obsenmtions have been discussed and partly confirmed by many author.?. ’• 
7 . 3. II, i!-i7. ir—n j \vould .‘■'uggest that such a reaction be spoken of a.s a ’‘pseu- 
dosyphilitic”, rather than as a false positive, reaction. The term “pseudosyphi- 
litic” seems to be better .since it signifies that the test imitates a positive test 
for syphilis but is not caused b}' .s\7)hilis. 

Venfication tests to confirm the correctness of a dubious positive reaction and 
to exclude a possible nonspecific reaction were first tried by Wassermann (1021), 
later b.v Witebsk}* (19.31) and recently by Jvaim (1940). The verification anti- 
gen described in this paper gives positive re.sults with .some nonsyphilitic semms, 
a.s in malaria, and negative results with s\'philitic serums. 


-METHOD 

In work carried on in the preparation of a cancer antigen, various solvent.? 
were used in the preparation of e.xtracts of neoplastic and “'pregnancy” tissue.?. 
“Pregnancy” tis.sue included pregnant uterus, fetus, decidua, cord and placenta. 
It must be .stated that in order to o.xclude the interference of 5\7>hilis-positive 
serums, the thsue used for the preparation of a cancer antigen is fir.^t e.xtractcd 
completely with lipoid solvents .such as alcohol, acetone and petrol ether. The 
aqueous extraction of the remaining tissue gives an antigen which doe.= not react 
even vuth strongh' positive syphilitic serums. 

A selected group of about 200 serums from approximatch* 20,000 serums rou- 
tinely tested in a period of twelve months was used for the following analy.sis. 
These selectetl serums were all po.dtive with the Kline antigen and negative 
vith the Pangbom antigen. In tracing the clinical diagnoses in the patients 
from whom these scnims were taken, it wa.^ found that none of the patients had 
a history of .st'philis or any evidence of the disejuse except for the positive serologic 
test. These 20,(M30 routine serums were obtained from all departments of the 
hospital including the Out-patient Department. This means that most of them 
were not s.vphilitic. IVhen diflering results were obtaintn] with the Kline and 

* Ilcreivcd for publication, July 10. 1947. 
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1’aiigborn antigens, the serum Avas tested with our verification antigens. The 
results obtained with our aqueous antigens were far superior to those obtained 
with our alcoholic antigens and the exclusive use of these aqueous antigens can 
bo recommended in such dubious cases. 

The verification antigen can be made as follows: 

1. Dried, powdered tissue (pregnancj’- tissue, comprising pregnant uterus, 
fetus, decidua, cord, placenta, giving better results than beef heart powder) 

TAT3LE 1 

CoMPAiusoN OF Readings of Seroi-ogic Slide Tests Using Kline and Pangrorn 
Antigens with Slide Tests Using Verification xVntigens Prepared 
FROM Cancerous Tissues 


CLINICAL DIAGNOSIS 


.ANTIGEN' USED* 

Subacute 

Endocar- 

ditis 

1 

Uterine 

Blood 

from 

Normal 

Control 

Uterine ] 
Blood 
from 1 
Normal 
Control 

1 Carcin- 
oma of 
Sig- 
moid 

Syphilis 

Pregnan- 

cy 

Pregnan- 

cy 

Kline antigen | 

I’angborn antigen \ 

Diagnostic 

Exclusion 

Control 

[Diagnostic 

[Exclusion 

1 

’ ++++ 
++++ 
-b+"i-+ 

- 

- 

- 

+ 

+++ 

++++ 

+++ 

-!-+++ 

- 

- 

Carcinoma of colon no. 71/1 

- ' 



- 

+ 

++++ 

+++ 

Carcinoma of colon no. 71/3 

! 

+++ 

++ 

- 


- 

■f++ 

Carcinoma of colon no. 72 1/S 

~ 1 

- 

+++ 

- 


- 

-(-+++ 

Carcinoma of colon no. 72 3/S 


++ 

1 


+++ 

- 

++++ 


Carcinom.'v ot colon no. PI I/S 

" 1 

+++ 


- 


++ 

- 

Carcinoma of colon no. 91 3/37 

- 

+++ 

++++ 

- 

++++ 


+4*++ 

Carcinoma of brc.vt I/S 

- 

- 

+++ 

- 

1 - 




=h equals doubtful. 

• Carcinoma of colon no. 71/1 was an acctone-solublc, pctrol-etbcr-in.'oluble, alcohobsolublc antigen from tissue 
of carrinoma of colon no. 71; carrinoma of colon no. 71/3 was an acetone- anti ijotrol-ctber-in.solublc, alcohol-soluble 
nnticen from carcinoma of colon no. 71; carcinoma of colon no. 72 1/S was an acetone-soluble, petrol-cther-irLSoIuble, 
nlcohol-soluble antigen from carcinoma of colon no. 72 prepared at S C.; carcinoma of colon no. 72 3/8 was an acetone 
and j>etrol-etltcr-insoluble, alcohol-soluble antigen prepared from carcinoma of colon no. 72 at 8 C.; carcinoma of colon 
no 01 1/S was an arotonc-.‘-oluble, petrol-cthcr-iasoluble, alcohol-soluble antigen prepared from carcinoma of colon 
no. 0! at S C.; carcinoma of colon no. 01 3/37 was an acetone- and pctrol-ethcr-insoluble, alcolioI-soUible antigen pre- 
p.areti from carcinoin.a of colon no. 01 at 37 C.; carrinoma of breast 1/8 was an ncotone-solublc, pctrol-cthcr-insoluble 
alcohol-soluble antigen prepared from carcinoma of the breast at 8 C. 


is completely extracted with alcohol, next with petrol ether and then ivith ace- 
tone. The remaining tissue must be dried and extracted with distilled Avater 
plus 0.3 per cent phenol. For each 10 gm. of dried tissue 200 cc. distilled water 
with 0.3 per cent phenol is added and extracted in an incubator at 37 C, for 
twenty-four horn's. It is then filtered and kept for at least two weeks in the 
refrigerator before evaluation. 

2. Dried, powdered tissue is first extracted with petrol ether, next with acetone 
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TABLE 2 


CoMPARrsoN- Of Readingp or Blihe Tk-sts Usin'o Kline and Panodorn 
Antigens w-jtji Smue Tests Using VKiuncATios Antigens 
Prepared eroxi IIi-man and Beef Bile 



ANTIGEN’ VSr.D' 

■Epiriermo'd 
• f-sreinorna 
: of Cervix; 
i Fibroma 
i Uteri 

cmn’icai. ti!>.r.s-e;i.s- 

' 1 Med^ca! ' rssSa;.r.en- 

jCarcinoma ■ SyehiJii ! Ohsrrva. ' dritrciy 

t ■ : t/on f State 

1 i i : 

Kline 

( Diagnostic 

t 

1 -i — 


' Exclusion 

1 0-0-0. 

i — .1 ' ! 

antigen 

i Control 

j 4 . . 

0-0-0- 

’ O- O- o, O- i ■ 

Pangborn 

f Diagnostic 

t 

-t- 

— j _P O- O- O- ■ „ 

antigen 

i Exclusion 

t ^ 

( 


HB !«• 

HB IIw 
HB Illw 
HB n^w 
HB ^^v 

BB Acw 


■ t"" 

• ^ 

♦ *T“ 

> 

f ““ 

I 

i 

' — • — 
j . * . . “r* + 4* •t’ -r 

--5 r O. ; — . 

0 — 1 — 1 — u; -^o- -0.-^0--^ „ 


dz equals doubt lul. 

* HB antigens were prepared from dried human bile after extraction xvith petrol etfier, 
acetone and alcohol. The remainder (alcohol-insolublei was dissoUed in distilled v.-uter 
plu-S 0.3 per cent phenol. .-Vnligens labeled Iw, IIw, IIIw, IVw .and \'w were {irepan'd 
from human bile derived from x-ariotis patient.s; BB .Aca* was an aqueous extract of beef 
bile after treatment with acetone, petrol ether and alcoliol. 


TABLE 3 


COMl’ARLSON OF READINGS OF SlIDE TE5T UsI.NG KliNE ASD PaNGEORN 
A.vtigens xvith Slide Tests U-sing Verificatio.n .Antigens 
Prepared from Human Bile 


: mKICAL DIACKO-SU 

1 


ANTIGEN' USED* 

1 Fo^tpar- ; Pojfpar- |Po5!rar- ( Prep- 

itutn Slate :i’0inSlate;tu!ii5Utc‘ nancy 

t ! L i 

IVe^r- 

nsr.cj' 

0Vcn-2‘ 


Kline fDisitnorfic 

i I _ 1 I _ 





- 



antisen ■< Exclusion 

t^Controi 

; — i “ i , 



-T"r--r’r* 

PariEbom ^Diastnortic 

■ " i ” ! ^ ! ** , 

— 



antipen [ExeluMon 

, — _ — j ^ 

— 


’•"T-'T":* 

HB IVw 

1 i T-T-T-^: Td-f-f; 

S-r-r-r 

-r-r-r- 

- 

HB \ Iw 

HB VI Ale 21 

j -r-rn-T • -r-r-rT-. wr-r-; -r-y ; 




1 • i 

---- 

T-r-S-r, 

- 

HB VI .Ale M 


* ,\nt!C<'n^ HBIWand HB Vln- wc."C rrcparp-.i a*d<scri!«xS under Tat>!e2;i:::tjKfn HB VI Atr 21 r.?.- an 
c.oract of Imman Wtcprejiarel as rooni temr-crature (21 C-'s.afltr fStraSiar., Sl.c rcraaiadrr sn r.* plzeiz-i in an tr.r-:t y.si r 
at M C. with ntfoiiol anti eitrarSeti ovcr-ni<;ht sad tabete.1 HB VI Air 50 . 
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and then with alcohol. From the remaining tissue, the antigen may be prepared 
as stated above. 

Evalnaiion of aniigen. Prepare a 1 :5 dilution of the antigen with 0.9 per cent 
saline and dilute this further to 1:10, 1:20, 1:40 and 1:S0. Use at least ten 
different serums for the first evaluation with each of these dilutions. The 
serums should include syphilitic serums of all grades of positivity, senims from 
pregnant women and from patients with pneumonia and tuberculosis, also normal 
serums. As a tentative dose, the dilution which is negative with sj'philitic 
serums but positive with some of the other serums, especially pregnancy serums 
and serums from patients with cholecA’stitis, should be taken. After testing 40 
or 50 different scrums, it should be clear whether oi- not tliis special antigen can 
be used. A good -^-erification antigen is one which is completely negative with 

TABLE 4 

CoMPAnisox OF Re.\di.\gs of Slide Tests Using Kline and P.angborn Antigens with 
Slide Tests Using Verification .Antigens Prepared from Beef Heart, Pig Bile 

and Human Bile 


AKTIGIX rSED* 

CUNTCVL DIAGNOSIS 

1 PrcgnancA* 

Syphilis 

Syphilis 

Kline ( 

1 

4 — !-4- 

4- 4- 4- 4- 

, . ' CncIusioii I 


4-4-4-4- ! 

4- 4- 4- 4- 

Control 1 

+++ 

■f4-4-4- 1 


Pangborn / Diagnostic j 

- 

4-4-4-4- 

4- 4- 4-4- 

antigen \ Exclusion 

=b 

4-4-4-4- 

4-4 — 1-4- 

BHw 

++ 

ri: 


PB Acw 


— 

— 

IIB IVw 

4 — i — 1-+ 1 

1 


— 


i equals doubtful. 

* BHw was a watery antigen extracted from beef heart powder following treatment 
with itetrol ether, acetone and absolute alcohol ; PB Acw was a watery antigen made of pig 
bile and extracted with acetone, petrol ether and alcohol; HB IViv mrs the same as de- 
scribed in Table 2. 

st'philitic senims but which givc.s at least a 2 plus reaction with serums from 
patients with wasting diseases such as tuberculosis, Hodgkin’s disease, carcinoma 
or other neoplasms, brain concussion or pregnanct'. 

HESULTS 

In lable.s 1 to 4 arc listed the results of the readings of serologic tests using 
Mine and Pangborn antigens and verification antigens prepared from cancerous 
tissues (Table 1), human bile or beef bile (Table 2), human bile (Table 3), and 
from beef heart, pig bile or human bile (Table 4). The results are arranged so 
that a comparison may be made of readings with the different antigens in testing 
syphilitic and nonsyphilitic serums. 
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DISCUSSION' 

TJie introduction of the cardiolipm antigen is rciilly a great improvement, but 
it is still not the final solution of the problem. Rein has pointed out in his dis- 
cussion of the paper by KIine“ tliat the cardiolipm tests have definite limitation 
in that fabe-positive and false-negative reactions may be obtainwl with them. 
He obtained freciuent non-specific (false positive) reactions with eardiolipin tests 
in patients uith lepro.sy, infectious mononucleosis, yans arni pinta. 

> Boerner, Xeniser and Stokes^ studied the effect of bleerling and of repeatesi 
blood donation on serologic tests for s\*philis. They used two .serologic n-sts, 
one a quantitative flocculation test and the other a quantitative complement' 
fixation test designed to determine the ability of .serum to fix- (yjinplement but 
differing from the usual methods in that the amount of complement wa.s varied 
and the .serum dose wa.s kept comstanl. It \va.s .surprising to find that there was 
no significant difference in reagin (antibodi-) content of the .«enim among the 
I2S blood donors immediately before and immcfliateh' after \'cnesection. 
Xinety-.=-even blood donors were tested before donation and at intervals from 
the fifth to the fifteenth clay following donation. One .showed an increa.se of 
two complement units. Xone showed any increa.se in flocculation unit.s, 'i'he 
authoFS concluded that the.se e.xperimonts did not reveal the existence of a 
nonspecific serologic test for si-plulfs due to multiple blood donation or to bleed- 
ing as such. Xcither can it be said that such a po.'.sibility is totally e.xcludcd. 

Therefore, it seems desirable to utilize another method of control for the 
identification of pseudos\'phiUtic reactions. 

SUiDIARF 

\ erification antigens prepared a.s described above have been utilized to control 
the results obtained with the slide test using Ivline and Parigboni aJitigens, 
and with the -Vetive Method (Hecht) in the complemcnt-fi.xation technic. Ser- 
ums which gave .strongly* positive reactious willi the Wine and Pangbom antigens 
reacted negatively to the control antigens. In cases wjiere a difference was 
observed between the Wine antigen and the Pangborn antigen, the verification 
antigen almost always agreed with the Kline antigen, but. disagreed with the 
Pangbom antigen. It was found tliat most of these serum.s came from pregmiut 
women and patients liaving neoplasms or acute febrile conditions. When .‘-;q)h- 
ilis was a.ssociatod vith disea.ses such as cancer and tuberculosis, or with preg- 
nancy, a positive reaction was obtained vrith Ivline, Pangborn and the verification 
antigen. The use of these verification antigens seems to be a good control ffu 
detection of jiseudosypluHtic reactions. 
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. CLIXICOPATHOLOGrC COXFERENCE 

A Cask of Regional ExTEnins* 

S. E. GOITD, M.D. 

From the 1] aync County Gine.ral Hospital and Infirmary, Eloisc, Michigan 

CLINICAL DATA 

A white male architect, 2S j'cars old, entered this liospital on X'ovember IG, 
J9-W, stating, ‘’I have spnie”. 

Past Illness 

The patient had never lived in the tropics. In 1929, at the age of 13, he en- 
tered a large hospital in Detroit because of .suspected acute appendicitis. 
histoiy was obtained of recurrent attacks during the previous ten yeans of epi- 
ga.stric pain with nau.sea and vomiting. Some of the.se attacks had been pre- 
ceded by intemperance in eating. Examination revealed .severe tondemess in 
the midepigastrium and left upper quadrant, .slight tendernes.s in the left lumbar 
region of the abdomen and voluntary' .spa.sm in those areas. X-ray film.'^ di.s- 
clo.scd no evidence of organic lesion of the csophagu.«, .stomach or duodenum, but 
there was iiritability and sharp tendernes.s over the region of the duodenal 
bulb and some tendernes.'s over the cecal area. The diagnosis of acute appendi- 
citis wa.s ruled out and he was discharged from the hospitiil. At the age of 17 
yeans, he lost his mother and thereafter his diet con.slste<l mainly of candy, cohl 
beverages and frankfurters. Ho was relatively well until 1940. 

Present Illness 

In iSIay 1940, the patient finst developed a diarrhea which progres,siveIy in- 
crea.sod in sevcrit.v until one and one-half years later (December 1941). when 
he had as man,v a.s 28 bowel movements a day. The .stools were frothy, soft, 
pale and had a very foul odor. He lo.-t G5 pouiuLs in weight (from 190 to I2o 
poimd.<) during the ensuing year, developed weakness and edema of the legs. He 
wa.s unable to tolerate fats, spiced food.s or .sweets and numerous diets were tried 
without succc-ss, Hi,« condition at that time was diagno.«cTl as duodenal ulcer 
.and diffuse enteritis, .\fter the onset of this illnes.s he was hospitalized in four 
large hospitals in this area on many occasions. .A.ccording to the tran.script 
covering the last hospitaliziition in May 1944, *‘fhe patient had hydrothorax, 
ascites and ma.«sive edema of the legs which were relieved by multiple transfu- 
sions. He did well on a diet for a short time and then suffered a relapse. X-ray 
films showed some pyloro.spasra but no lesion in the esophagus, stomach or 
duodenum. One-half hour after ingestion of the barium, the head of the column 
reached the terminal ileum, indicating hypermotiiity. Some of the .segments of 
the small bowel were distinctly narrowed and ri])bon-iike in appeanmcc and there 

” Kccc‘ivc<2 for pti!)Iiration. S<?ptomher 2, 
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vrevc numerous discrete punched-out areas of filling defects in the jejunum and 
ileum. In addition, a portion of the small bowel was dilated. Barium enema 
showed filling of the entire colon except the fundus of the cecum which was 
somewhat spastic. The feces were clay colored, contained much fat, occult 
blood and a trace of bile. Glucose tolerance test revealed the following values: 
fasting, 70 mg.; 1 hour, 100 mg.; 2 hours, 6S mg. The blood phosphorus value 
was 3.3 mg., serum calcium, 9.S mg. and the serum protein 5.6 gm. He was given 
intravenous injections of liver extract but tliis treatment had to be discontinued 
because of chills,- and liver was then given orall}'.” Five months before ad- 
mittance to the hospital he developed thromboplilebitis of both legs which 
slowly improved. 

Physical Findings 

The physical findings at the time of his admission to this hospital were as 
follows: temperature, 98 F.; pulse rate, 88; respiratoiy rate, 20; blood pressure, 
101/72; weight 120 pounds. The patient (Fig. 1) was intelligent and coopera- 
tive. He was emaciated, pale and chronically ill. The abdomen was slightly 
distended and dilTuseh’ tender, and palpation revealed peristaltic movements 
but no masses. There was general muscular atroph}'- of the extremities with 
moderate pitting edema of the legs extending up to the knees. Several small 
ecchj-raoses were \'isible on the legs and slight clubbing of the fingere and toes 
was present. 

Laboratory Findings 

Urinalysis, blood Kahn and Ivline tests, sputum examinations for acid-fast 
bacilli, cephalin flocculation and Congo red tests were negative. Gastric anal}'- 
sis revealed fasting free Imlrochloric acid- 26 units, and total acid 38 units; after 
histamine, free acid 52 units and total acid 64 units. The hemoglobin content 
of the blood was 11.3 gm.; eiythi-ocj'te count, 4,390,000; hematocrit, 39; mean 
corpuscular volume, 88; mean corpuscular hemoglobin, 25; bleeding time, one 
and one-half minute.s; clotting time, four and one-half minutes; leukocyte 
counts, from 3200 to 5500; differential counts, noirnal. Prothrombin time was 
fifteen seconds with a normal control of fifteen seconds; semm albumin levels 
varied from 1.3 to 1.4 gm., serum globulin from 2.1 to 2.9 gm. The feces were 
soft and brovai ; smears were negative for parasites, and cultures on four different 
dates were negative for acid-fast bacilli; Schmidt’s qualitative test for urobilin 
was negative. The basal metabolic rate was normal. Bromsulfalein test 
(5 mg. per Kg.) showed 12 per cent retention of dye after fortj'-five minutes. 
The blood Vitamin C level was 0.0 mg. per 100 ml. The urinary urobilinogen 
was positive in a dilution of 1:80. 

X-ray Findings 

On Xovember 24, 1944, films of the upper gastro-intestinal tract .showed evi- 
dence of chronic regional ileitis (Fig, 2). On Januaiy 4, 1945, a barium enema 
revealed a normal appearance of the colon but decreased diameter of the tenninal 
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ileum. Films of the cliest were negative. Barium enema fui February 21 (Fig. 
3) showed an irregJiIar eonstricted terminal ileum with suggestive e%'idenre of 
ulceration and an irritable spa.stic cecum, imlleating presfuu-e of terminal ileitis 
and cecitis- 



Fig. 1. Patient tv.o months t>cfore date of expiration. 


Hospital Course 

He was placed on a diet rich in vitamins, carbohydrates tind proteins and jtoor 
in fats, and was given water-.soluble Vitamin K, liver extract and ferr»>us nilfate. 
Sigmoidoscopy on Decemlter 12, 194-1 was negative. .V tuberctilin test ( 1 : HI.OOO) 
was negative. On Oecember 22 and 23, he laid a rt'ctirrent bout of diarrhea. 
On D(?eomber 2S, he developed a.scites ami etiema of the trunk up to the It'vel 
of the tliaphragm. together with numbness and tingling of the fingen--. He was 
given a .series of transfu-ions of whole blood with slight improvement. Ouring 
the week of January 8. 1945, edema of the legs and trunk inrrea.se. i and superficial 
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veins became apparent on tbe thighs and then on the chest, ^vall. On January 
19. the patient complained of abdominal cramps. On February 1, the liver was 
palpable at the costal margin for the first time. There was marked distention 
of veins over the chest and purpuric spots appeared on the legs. .rVn ilcotrans- 
verse colostomy and ileostomj* were done on IMarch 1. The teiminal ileum 
was found to be thickened, edematous and dilated. A segment of ileum 1.8 cm. 
in length and 3 cm. in diameter, taken from the site of ileostomy and submitted 
for microscopic examination, showed submucosal and subserosal passive con- 
gestion, edema and round cell infiltration but no mucosal idceration. The find- 
ings were considered compatible with an early stage of regional ileitis. The 
patient became distended on the following daA' and vomited 2000 cc. of dark 
fluid. A diagnosis was made of obstructive loop S 3 mdrome and a six-inch seg- 
ment of small bowel was resected. On March 4, he became disoriented and 
showed marked pitting edema of the legs. On the next day he became comatose 
and the temjoerature rose to 104.G F. Inflammation of the anterior abdominal 
wall developed and the patient expired on ^larch 6, 1945, approximate!}' sixteen 
weeks after admission. 


CLINICAL DISCUSSION 

Dr. Norman R. Shippey, radiologist. “The deformitj’ and narrowing of the 
ileum and contraction of the cecocolon which are well demonstrated bj' the x-raj' 
films (Figs. 2 and 3) in this case are those of an ileocolitis. Tuberculosis, neo- 
plasm, chronic ulcerative colitis, amebic colitis, sprue and regional or clironic 
cicatrizing enteritis must be considered in the differential diagnosis. 

“One can fentativeh' rule out tuberculosis in that there is no evidence of this 
disease in the lung fields and active pulmonarj' tuberculosis would be e.xpected 
in a lesion which is so extensive in the bowel. Neoplasm is usuallj' associated 
with a much shorter liistori' and would produce more sharpl}’ localizing signs, 
usu.allj' those of obstruction. Ulcerative colitis, to which ileitis may be second- 
ar}', usuall}' produces a marked dilatation of the involved terminal ileum which 
maj' show a distorted mucosal pattern. The absence of tjiiical lesions of ulcera- 
tive colitis in the rectum and sigmoid and the presence of lesions in the upper 
portion of the small bowel also do not .support such a diagnosis. In amebiasis, 
the jojuniim is not involved and parasites .should be detected b}' examination of 
the stool. Steatorrhea and the primar\' deficiencj' diseases, including the con- 
dition knomi as sprue, can be ruled out because stenosis of the small bowel is 
not produced b.v these conditions. Without stenosis it ma}' be difficult to differ- 
entiate these disca.se.s b\' x-raj* examination. Regional or chronic cicatrizing 
enteritis ma}' involve an.v portion of the bowel from the jejunum to the .sigmoid 
colon. 1 his disease maj' produce anj' or all of the following roentgen signs: 


1' JO. ... \-ray film two hours after barium meal showing irregular pattern of small bowel. 
*• t*'*^*^' '*4 Jli.stcnsion proximal to local areas of narrowing. There is evidence 

o, terminal ileitis yith .^mall loop of distended bowel proximal to it. 

l io. .1. A-ray film after barium enema. The terminal portion of ileum and the cecum 
appear irregular and constricted and suggest the presence of ulceration. 
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rapid or sluggish emptjdng of the bowel, segmentation, irregular filling, spastic 
contractures, variations in caliber of the intestine, increased fluid and gas con- 
tent, nan-owing of the lumen, rigidity of the intestinal wall and internal fistulous 
tracls. All of these signs, with the exception of a fistulous tract, were found in 
the present case, so that regional enteritis seems the most likeh' diagnosis. The 
changes in the small bowel are best demonstrated by interval films taken follow- 
ing ingestion of barium. A barium enema should always be carried out to 
determine the presence of involvement of colon and its extent, since there ma}' 
be lesions in the colon which may extend down as far as the sigmoid. 

“The presence of concomitant lesions in the small bowel and large bowel 
definitely points to the diagnosis of regional or chronic cicatrizing enteritis.” 

Dr. Charley J. Smyth, internist. “The presence of chronic diarrhea, periodic, 
crampy abdominal pain suspected at one time of being due to acute appendicitis, 
the low-grade fever, loss of weight and hj-poclu-omic anemia should have sug- 
gested the correct diagnosis in this case because these are the classical features of 
regional enteritis. This case was mistaken for nontropical sprue. The history 
of a poorly balanced diet and of the passage of large, froth}’- and ver}' foul stools, 
and the finding of a flat glucose tolerance curve are e.xpected in patients with 
nontropical sprue. In recent }’-cars there has been an increasmg belief that the 
conditions referred to as sprue, idiopathic steatorrhea (nontropical sprue) and 
celiac disease of infants are similar, if not identical, diseases. At present, a 
mechanical obstruction to lymphatic channels or a chemical defect in fat absorp- 
tion are the most acceptable theories of etiologj' of nontropical sprue. After 
x-ray study, nine days following admission, it was obvious that this patient had 
advanced regional enteritis. The clinician is dependent on the roentgenographic 
findings for the diagnosis of this disease. 

“The question might arise as to why the diagnosis was not made sooner. 
The pre.-?cncc of tenderness in the epigastrium and the absence of tenderness in 
the lower part of the abdomen, particularly in the right lower quadrant, was an 
unusual feature in the case. A palpable abdominal mass is present in 50 per 
cent of cas&s and fistulas are commonly found in advanced stages of the disease. 
Xeither of these findings was encountered in our patient. Perhaps the most 
important reason why attention was not focused on the small intestine as the 
site of the disease was the report that e.xaminations of the small bowel and colon 
by x-ray methods in two other hospitals had shown a bowel pattern that is 
usually obsen-ed in spnie. 

“Edema of the legs and trunk, which was mild and limited to the legs at the 
time of the first e.vamination in this hospital extended, after seven weeks, to the 
trunk and finally to the lower portion of the chest. The persistent h3'poal' 
buminemia of from 1.3 to 1.4 gm. per 100 ml. of blood was considered an adequate 
e.vplaiiation for this finding and further possible causes for the e.xtensive edema 
were not sought. 

In reported ca.ses of regional enteritis in which the initial sj-mptoms are tho.se 
of partial intestinal obstruction, it has often been impossible to make a preopera- 
tive <liagnosis of the cause of the obstruction. The decision to treat this man 
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surgically was based on his failure to respond to long continued oral and paren- 
teral therapy.” 

Dr. DarfM A. Campbell, mrgeo?!. ”At the time of the patient s entr>’ info 
this hospital, he showed advancc-el malnutrition as a result of his disease. His 
hospitalization fifteen years previously for suspected appendicitis is presumptive 
evidence that an inflanimatory process v/as present in his ileum or cecum at 
that early date. This is important, for a decision regarding therapy may well be 
influenced by knowing wliether the process Is relati\-cly recent or riKin\' years 
old. 

‘‘Clinically some authors have dixided the disease into four groups: (a) acute, 
(b) irritative, (c) obstnictive and (d) .stage of fistula formation. It is doubtful 
if diagnosis is ever made in the first group since the roentgenologic signs and 
appearancas at operation are still indefinite. The treatment in the remaining 
groups is probabh' surgical in the majority of instances, although some authors 
consider treatment, as in diverticulitis and peptic ulcer, to be primaril}' medieal 
until complications arise that require surgical intervention. Pugh (Pugh, H. L.: 
Ann. Surg., 122: 84.5-8G1, 194,5) reported two cases in which the course of the 
disease wa.s remarkably improved by the administration of penicillin. Meclical 
treatment is important in preparing these patients for operation but, in itself, 
has not consist enth* produce<l .satisfactorx' results. 

“Patients who develop oljstruction, internal or external fistulas, and probably 
also those whose condition continues to deteriorate despite conservatix'o efforts, 
are probably best managed by some type of side-tracking operation with or 
without removal of the involved stnictures. It is to be expectc'd that .success 
usually will be attained after complete extirpation of the inx’oh’ed tissue in tho.se 
patients in xvhom complications are minimal and whose general condition will 
tolerate .such a procediu-e. Such successes have led some surges^ns to recommend 
surgical removal of diseased tissue in all early cases. It has been shown, however, 
that recurrence in short segmental areas may follow such an operation. More- 
ox’er, invoh'cment of the mesenterx' may have proceeded sufhciently far so that 
complete removal of the inflamatory process is technically difficult or impossible. 

“In reviewing 1G4 cases, Garlock and Crolm (Garlock, .1. II., and Crolin, B, B.: 
J. A. ^I. A,, 127 : 205-208, 1945) found a mortality rate of IG per cent in those 
patients who had primary resection, and recurrences in 19 per cent of the sur- 
vix’ors. Such relatively liigh rates of mortality and recurrence ultimately led 
the iMt. Sinai group and othens to employ a short-circuiting operation, such as 
ileotran.'^veise colostomy or iicosigmoidostomy without resection ot the infiam- 
matoiw process. In G5 patients so treated, none died and the recurrence rate 
was 13.8 per cent. In patients in wiiom a second-stage operation had to be done 
for remox'al of the involved area, examination rcx'calcd almost complete healing 
in most cases. One of the chief proponents of complete extirjiation of the in- 
volved area is Dixon of the Mayo Clinic, who rcportc-d unfavorable re-ults with 
a simple short-circuiting operation. Two-stage resection has hmi discardetf 
by Garlockand Crohn because (1) complete healing often follows the lirst stage, 
(2) it has an increased mortality rate and (3) recurrences are no hs-s frequent 
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(36 per cent) than after the simpler first-stage operation. Surgical treatment 
must be performed in gentle stages in patients liaving complications, such a.s 
fistulas invohnng the small bowel, colon or bladder, while resection must be 
reserved for those patients in whom the physiologic function of the gastro- 
intestinal tract is so altered as to make spontaneous recovery- unlikely. 

“This patient presented a far-advanced regional enteritis with such severe 
secondary nutritional changes, as to make it doubtful that he would have bene- 
fited from further conservative treatment. Tlie operation, an ileotransverse 
colostomj', was the simplest one that might have been effective. In this opera- 
tion, the distal portion of the ileum was brought out through a stab wound so 
that it might serve as a safety valve should obstniction occur at the ileocecal 
junction. It was realized, however, that he was an extremely poor operative 
risk.” 

POSTMORTEM FIXDIXG3 

Principal Gross Findings 

The bod}’ was of delicate astlienic build, the intercostal angle measured 
less than 90 degrees and the abdomen was scaphoid. TJie aorta was hypo- 
plastic. There were evidences of Avasting and the heart weighed 185 gm. 
.\nasarca was present, with edema of the lower extremities and free fluid in all 
serous cavities. There was an old thrombus in the left popliteal A'cin and the 
thrombus extended upward to involve the left femoral vein, the left common 
iliac vein and the inferior vena cava to a point just proximal to the junction of 
the latter with the renal veins. Both renal veins showed recent’ thrombi. 
There were multiple recent pulmonary emboli without infarction. 

There was edema and superficial ulceration of the slomach with particle.s of 
clotted blood adhering to the mucosa. These findings M-ere attributed to 
trauma from the tube which was u.sed for .suction of intestinal contents. The 
ditodcniim was moderately dilated. The jejunum was hyperemic and showed 
seven areas of rather sharply delimited constriction (Figs. 4, 5, 8, 9), the most 
proximal area being 20 cm. from the beginning of the jejunum and the most 
distal one, 60 cm. from the origin of the jejunum. Each constriction measured 
approximate!}' 2 or 3 cm. in length, and the subserosa sho\^'ed a \'ar}'ing degjee 
of hyperemia. In several of the constricted areas the subserosa also showed 
grayish white nodules measuring up to 2 mm. in diameter. The mcscnlcry 
corresponding to the affected portions of the jejunum contained large lymph 
nodes measuring up to 2 cm. in diameter which on section were white and ap- 
parently contained chronic jnirulent material. In the region between these 

IiG. .1. Kxtcrnal apiK’iirniicc of looi) of jejunum .showing segmental constriction with 
hyperemin and suhserosal nodules. 

1' lo. i). Looj) of jejunum showing variation in caliber of lumen, several small ulcerations 
Jii muco.sa of constricted upi>or portion, healing of muco.sa of middle constricted portion, 
severe hyperemia of lower areas, relative uninvolvcment of intervening areas and enlarged 
me.centenc iynu'h nodc.«. 

Fig. 0. Ksteriw! apia-arance of terminal portion of ileum. 

ria. I. Terminal ileum showing extreme involvement of lower two-third.s with severe 
irnluration of walls, reduction of lumen and incomplete obstruction. 
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nodes and the line of attachment of the mesenterj* to the jejunum there were 
many pale wliite nodules measiirjrtgjUp to 2 mm. in diameter. On opeiiiug the 
constricted areas, there was irregular ulceration of the inucosa. In^sprhe seg- 
ments only a ])ortion of the circumference was involved; in other -segm'ents, 
the entire circumference was involved (Figs. S, 9). In some areas, there. was 
loss of continuity of the valvulae with superficial ulceration; in other areasiwith 
incomplete ulceration, there were small polj^pi (Fig. 9). The bases of the ulcers 
were red and ragged and the borders indistinct and sliglitly raised. In some ii/eas 
which were less acutely hj-peremic, the inflammatoiy processes appeared to' be 
subsiding. The remainder of the jejunum and the ileum up to the point of ileo- 
transverse colostomy were moderatelj' dilated, their mucosa in places somewhat 
hyperemic and their walls edematous. The terminal ileum from the point of 
ileal resection and up to its junction with the cecum measured 12 cm. in length 
and was dilated imd saccular in the proximal 7 cm., where the wall varied from 
3 to 14 mm. in thickness. The subserosa of the distal 5 cm. of the ileum (Fig. 
G) was thickened, edematous, white and contained numerous white subserosal 
nodules measuring up to 3 mm. in diameter. This portion of the ileum was so 
constricted that there was difficulU' in passing a probe’ through its lumen (Fig. 
7). j^yter opening this segment the circumference varied from <-2.5 to 3 cm. and 
the wall from 1 to 2 cm. in thickness. The mucosa was grayish red in color, 
ln-perpla.stic, chronically hj'pcremic and in some areas hemorrhagic (Fig. 7). 
The mesoappendix was chronicall}' inflamed but the appendix was free of any 
le.sion. The cccum was shortened (Fig. 10), mea.suring 6 cm. in length, Avas 
severeh* deformed and had a maximum circiunference of 6.5 cm. and a narrowed 
lumen. The mucosa was chronicallj’ h 3 'peremic, ma^kedlJ^.,h.vperplastic and 
irregularly ulcei'ated. The walls were greatlj* thickened. The regional lymph 
nodes of this area were greatl}’ enlarged measuring up to 1.5 cm. in diameter and 
were white and necrotic in appearance. The ascending colon up to the point of 
anastomo.<is presented a vaiying amount of fibrosis, a number of chronic miliaiy 
abscesses and .‘scA'cre thickening of the walls. The remainder of the large bowel 
was grossl.v uninvolved. There were no fistulas. 

Macroscopic Findings 

Sections of the stomach showed clironic ulceratiA'e gastritis, Avith blood pigment 
adliering to the surface and chronic edema of submucosa A\-ith hmiphatic ol)- 
stniction (Fig. 11). Sections of the jejunum (Figs. 12-14) .shoAA-ed a A'ascular 
chronic granuloma AA’ith infiltration extending to all laj'ers, including the sub- 
serosa, but being most marked in the mucosa and submucosa. In some areas, 


!• IG. S. Drawing of loop of jejunum showing segments in A’arious stages. The lesions at 
the upper left are recent and relatively acute, that at the lower end, subacute. Note 
nodiilcs in mesentery and a large lymph node which contained a chronic abscess. 

1-iG. 9. Drawing of a loop of jejunum showing subacute ulceration and nodular granu- 
lomatous inflammation. 

I' 10 10. Drawing of cccum showing marked contraction of lumen, thickening and fibrosis 
os walls, old ulceration and extensive inflammation. Note the many large Avhitish mesen- 
teric lymph nodes. These sliowed chronic abscess formation ami granulomatous reaction. 
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tliere was fibrosis, increase in capillaries and prominence of arterioles. In places, 
the myenteric plexus was prominent and about it there was chronic inflammation. 
The rytcscntcri/ of the jejunum .showed severe chronic lymphadenitis (Fig. 15 ) 
and some fibrosis and there were thrombi of fibrinoid material in dilated Ipnph 
\-essels. Stains for amyloid Avere negatiA'c. Sections of mesentery revealed 
localized necrotizing lesions, chronic absce.ss formation and nodular gi-anulonia- 
tous lesion-s (Fig. 17 ). In the lymph nodes there Avas hyperplasia of follicles and 
of endothelial cells, areas of plasma cell infiltration and occasional multinucleated 
giant cells. The mesoappendix AAas chionicalh' inflamed but the appendix 
itself Avas relatively uninvolved. One section of ascending colon shoAved chronic 
submucosal and subscrosal edema and inflammation and a subserosal abscess, 
and in one section of rectum there A\-as ulceration, chronic gi’anulomatous reaction 
of the mucosa and submucosa and chronic edema of the .submucosa. Sections 
of liver (Fig. IS), sjdccn, adrenals, lungs and mesenteric lymph nodes shoAved mul- 
tiple focal granulomatous lesions. A number of these focal lesions, particularly 
those of submiliary size, revealed caseation necrosis. All of these focal lesions 
exhibited epithelioid cell reaction and most of them foreign body giant cells. 
The giant cells AA'ere located both centrally and peripherally; their nuclei Avere 
not always arranged in hoi-seshoe pattern and in the CAdoplasm of some of the 
cells there AA'ere A'isible OA^al A'acuoles or refractile foreign particles. All these 
minute focal lesions AA'ere considered tuberculous. Taa'o isolated acid-fast bacilli 
Avere found in a stained section of a mesenteric Ijanph node. Occasional acid- 
fast bacilli AA'ere also found in smears from another mesenteric l3'mph node and 
from a jejunal ulcer, in both instances after fixation of the gross specimen. 
The bacilli had the morphologic characteristics of tubercle bacilli. A number of 
sections from reprcsentatiA'c lesions in the ileum and colon AA'ere stained for acid- 
fast bacilli AA'ith negatiA'e findings. The brain shoAA'ed no lesion. 

Final Anatomic Diagnoses 

Tlie fiiiiil an.Atomic diagnoses AA'ere: segmental enteritis in\’olA'ing jejunum, terminal 
ileum, cecum and ascending colon; oldest lesions in cecum and terminal ileum; incomplete 
obstruction in ileocecal region; chronic suppuration, abscess formation and granulomatous 
inflammation in affected jtortions of boAccl and respectiA-e portions of mesenterj- and mesen- 
teric lymph nodes; chronic edema of submucosa of stomach; chronic ulceratiA'c gastritis 
(.traumatic); small ulceration AA'ith granulomatous inflammation of rectum and chronic 
edema of submucosa; thrombosis of deep A'cins of left loAA'er extremity; thrombosis of left 
popliteal and iliac A'cins with A'arying degree of organization and canalization; recent 
thrombus in inferior A'ena caA'a AA'ith beginning organization; recent thrombi in renal veins 


Fin. 11. Submucosa of stomach shoAA'ing chronic edema and fibrinoid material in lym- 
phatic spaces. XSo. 

Fin. 12. Submucosa cf jejunum shoAA'ing portion of a small abscess. XS5. 

I- in. 13. Small abscc-ss of submuco.sa of jejunum extending into inner muscular layer. 
X85. 

Fjo. I-j. Mucosa and submucosa of jejunum shoAA'ing healing by fibrosis. XSo. 

fe'^l’scro.sa of mesentery of jejunum shoAA'ing chronic inflammation. XS5. 

A-.'*'' S'o'-'-ero.sa of terminal ileum shoAA'ing portion of a granulomatous nodule. XS5. 
I'lfi.li. Me.sentc'ric nodule shoAA'ing subacute granulomatous reaction suggesting early 
healing st.age. X70. 

I'ln. IS. Tuberculoid focus in liA'or. Note inclusions in giant cells. XS5. 
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and ileocolic branches of the superior mesenteric vein; multiple recent pulmonary embolism; 
purulent bronchitis and beginning bronchopneumonia; moderate fatty metsunorphosis of 
liver; atrophy of heart; hypoplasia of aorta; In-poplasia and atrophy of testes; chronic 
P3-elonephritis; miliarj- and submiliar3' tubercles with caseation in liver, spleen, lungs, 
adrenals and mesenteric h-mph node. 

CLIMCOPATHOLOGIC CORRELATION' 

The disturbances in mitrition, resulting from ulceration of the bo\vel and the 
interference with intestinal absorption were probabh' responsible for the hj’po- 
chromic anemia and tlie lowered values for serum albumin and total protein. 
Tlic nutritional disturbance also e.\plains the low glucose tolerance and the low 
Mtamin C level. The chronic passive congestion of the liver together with the 
fattv metamorphosis and the focal lesions in that organ e.Kplain the mild degree 
of bromsulfalein retention, the increased urine urobilinogen and the palpable 
liver. The superficial veins on the chest must be related to the development of 
thrombi in the inferior vena cava. 

It has been pointed out that patients with regional enteritis usuallj" are of 
nervous e.\citable disposition which is also true of patients who are prone to de- 
velop peptic ulcer or chronic ulcerative colitis. It is probable that some segments 
of bowel undergo complete healing and endence for such healuig was present in 
our patient. If ulceration is severe or extensive, however, the lesion ma.y vciy 
well become chronic and undergo fibrosis and contraction. In the latter case, 
surgical removal would seen justifiable. 

A- striking feature of this case is the long histor.y of intestinal sjnnptoms from 
the age of three .years, an acute o.xacerbation at the age of thirteen and continual 
active chronic disease for the last five j'ears.of life. Pathologicall.v there were old 
chronic active lesions in the ileum and cecum and acute, subacute and apiJarcntb' 
licided lc.sions in the jejunum. It is interesting to note that during the last 
period of hospitaliziition the patient had no tenderness in the right lower quad- 
rant in the region of the old chronic fibrosing lesions, but that he did complain of 
tenderness in the epigastrium which is to be related to recent active lesions in the 
jejunum. 

.\cid-fast bacilli, when found in regional enteritis, have usually been attrib- 
uted to a complicating tuberculous infection. The presence of a few acid-fast 
bacilli in smears of two lesions at autopsj' and in a microscopic section of another 
lesion, jilus the man}' miliar\' and submiliar}'- gi'anulomatous nodules, with and 
without caseation nccro.sis, point to the presence of tuberculosis. Cultures of 
stool for tubercle bacilli during life revealed no growth. Hadfield (I.^incet, 2: 
773-775, 1939) found noncascating giant cell systems in 13 x)f 20 patients with 
regional enteritis. He .«lated that the giant cells are not. typical of those found 
in tuberculosis. Instead of the tendenc}' for such giant cells to be di.sposed 
peripherallv in the lesion and to have a horseshoe arrangement of the nuclei, the 
giant oell.s in enteritis are often centrally placed, have juimerous nuclei which 
.sometimes largeh* fill the cell and the, cytoplasm contains retractile bodies or 
other ingcstofl foreign material. While miliar}’ and submiliaiy granulomatous 
lesions in the lung, liver, spleen, adrenals and mesenteric l.vmph nodes corro- 
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sponded to the giant cell s\*5tems described by HadSeld, there were others -vith 
definite caseation, particularly in the spleen, li%'er and h'mpli ncKlf^^, ancj all of 
these lesions were considered to be tuberculous. Even in the areas of caseation, 
some of the foreign body giant cells were atypical for tuberculo-is and coihaiaed 
visible -particulate matter. Because of the size and appearance of tiicse focal 
lesions and because of their occurrence in the splcnn, they were ]3roi)ni>Iy terminal 
phenomena .spread bt' vray of the blood. A primaiy focus of tulterculosis 
not found in the lung. 

The diagnosis of regional enteritis -im])lies that this is a disense of un.knov.n 
etiologv' and that in the present instance the terminal miliaiy tuberculosis was a 
complication not directly related to the enteritis. It is, hovrever, possiVtle that 
the entire picture is one of clironic tuberculous enteritis with secondary infection, 
in which the behavior of the tubercle bacillus or tlie reaction of the j):itient to the 
bacillus is at 3 *pical. In the relationship of regional ileitis to tuberculosis there 
are mam* parallels to the relationship of Boeck’s sarcoid to f tih-erculosis. T liese 
include the negative tuberculin reaction in high dilutions, the chronic course, the 
at\y>ical granulomatous lesions and the occasional finding of c.aseation necrc'sis 
and tubercle bacilli in the lesions. 



EDITORULS 

Rickettsialpox, A NE^v Disease 

Rickettsialpox is a recently discovered rickettsial disease occurring exclusivelj', 
so far as is knouTi, among human beings and mice in New York City. Primarily 
a murine disease transmitted by the rodent mite Allodermanyssus sanguitiem, 
rickettsialpox produces a unique nonfatal febrile illness in man. Clinical features 
in the order of their appearance consist of an initial lesion (presumably at the 
site of a mite bite), regional h-mphadenopathy, a spiking fever, and a generalized 
varicelliform rash. Leukopenia represents the only positive finding of routine 
laboratoiy examination. Bacterial agglutinations including the Weil-Felix test 
are uniformly negative. The employment of 3 'olk sac preparations of Rickcltsia 
a/.-orf, the causative agent of rickettsialpox, as antigen in the complement-fixation 
test provides a useful tool in laboratorj' diagnosis. As in other rickettsial 
disease.s, the test remains negative until late in the second week after onset of 
fever. The titer reaches its peak during the third or fourth week, following 
which it falls slowlj'. A detectable titer, however, maj' persist for more than 
a j'car after the attack. The rickettsia of rickettsialpox has been found to be 
immunologicall.v related to the rickettsia of Rockj' Mountain spotted fever. 
Although not identical, stock antigens prepared from both organisms show 
considerable serologic similarit}'. This creates a practical difficult}', from a 
laboratoiy standpoint, in the differentiation of rickettsialpox and Rocky 
Mountain spotted fever. This difficulty is somewhat minimized by wide clinical 
and epidemiologic differences as well as by the fact that the majority of Rocky 
Mountain spotted fever patients give a significant titer with Proteus 0X19. 
Borderline cases will occur, however, and specific antigens which can be pro- 
duced in quantity represent highly important objectives. 

The appearance of a new disease in the most populous of modem cities raises 
a number of pertinent questions, the most important of which relate to the origin 
and distribution of the disease and e.specialty to methods of control. There are 
no clues available at this time concerning the origin of rickettsialpox and, .since 
it has not lieen described elsewhere, its distribution outside New York City is 
unknown. The distribution of the several hundred confirmed ca.scs of this 
domiciliary disc.a.«e in New York City, liowever, would appear to postulate a 
widely dis.seminated involvement of rodent colonies. Nearly one hundred foci 
of infection have been incriminated in four boroughs of the city. Under the.=e 
circumstances it is difficult to see how the disease could be limited to New York 
City alone. The records of New York physicians indicate that the illne.ss Inis 
been occurring at some of the foci for at least four years; however, the distribu- 
tion of the cases indicates that a much longer period of time would be reipiired 
for so extensive an involvement of rodent colonie.s. 

riie rfKlent mite, Allodcrmanysfms sanguineus, was described by Hirst at the 
beginning of the century as a parasite of rats in Egypt. Since then it has been 
reported from a number of cities in this countiy, notably Boston, Philadelphia 
and Wa.'hington, D. C. Its occurrence, however, until recently was regarded 
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by entomologists as somewhat of a novelty. Very little y kttov/n ahoat thr- 
habits and physiology’ of this mite. 

The control of richettsialpo.v, which promises to be a difnctilt task, depeiais 
chiefly' upon identification and eradication of infected mon.se colonies. Ttie 
mites appear to be completely dependent for survival upon a rodent host. Ser- 
ologic surveys of mouse populations should aid considerably in such an under- 
taking since serums of mice trapped at foci of infection show a hiali inci<leiice 
of positive reactions, a phenomenon not shared by serums of lalnjraiory mice 
and of mice collected in a limited sun-ey conducted in Northern ^■irginia. 

Diviswn of Jnjeciion^^ Diseases Rorert J. IlrEn.M;!' 

A~a{io7ial InsliMc of Health 

Bethesda I/f, Maryland 


Rf.gioxal Exteritis 

When unique inflammatory lesions involving the terminal portion of the ileum 
were first described by Grolm and his associates in 1032 {C’roiin. B. B.. Ginshurg. 
L., and Oppenlieimer, G. D.; J. A. NX. .1., 99; 1323-1329. 1032). the diseoi'cry 
of the etiology' of this entity became a challenge to clinicians and cpirlcmiologists. 
Was this a new disease which suddenly manifesteti itself in different parts of the 
globe as a subendemic enteritis? Crohn’s classic paper pul us far along the road 
to proper evaluation, but the sporadic case reports wliich followed failed to ad- 
vance greatly' our knowledge or further otir understanding of this complex disease. 
Sproull, in 1936, summarized the known facts on 123 cases.correlating the e.stab- 
lished points in etiology, pathology and clinical findings t.Sproull, .J.: Am. J. 
Roentgenol., 36; 910-920, 1930). Advances in clinical inter]>relation and twmt- 
genographic finding.? followed fairly rapidly during tlie following years. 

Some considerable confusion has existed in regard to nomenclattn-e. For .=e\'- 
eral y'ears the disease was known under the name of terminal ik.iti.^i as it wa.s 
thought to be confined to the terminal ilenm. It then became apparent, that this 
unique procc.ss might affect any' part of the inte.stincs and involve not only the 
small bowel, but also the colon, e.specially' the cecum, and that it wa.s prol.iably 
associated with the long known, but little understood, condition of nlr>rnlhr. 
colitis. 

At first, tlie clinical and roentgenographic aspects of the di.-^c.ase oia'rsbadowed 
the knowledge of tlie pathology of this condition, owing mainly to eonservauve 
treatment by tlie surgeon, liis reluctance to obtain material for liiop-y and the 
fact that, no one clinic had sufficient data upon which to make adetiuate .'Studies. 
During the past few years, however, more knowledge lia.s lieen g.-iined oi the 
histopathology and the gross pathologic anatomy of t his entity. Mixter's review 
in 1939 did much to clarify' the clifTcrcnt stage.? of the disease (Mi.vter, C. G.; .Ann. 
Surg., 102: 074-t5S2, 1939). Three clinical phases have Iimr delineated. The 
first or acute phase is characterized by' diarrhea, tenesnm.-^, fever and sign- simti- 
lating those vaguely classed in the category of “f he acute abdomen”. I he second 
clinical phase begins when stenosis supervenes, and the symiptoms are thos'* o*. 
inte.stinal obstruction. The terminal phase is one of fistula fnnnation v.vA may- 
be so complicated ns to mask the underlying condition. 
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The patholog}’ of regional cnicriiis has been well reviewed by Owens (Owens, 
F. M.: Arch. Surg., 48: 4G5-471, 1944) and Sehepers of Johannesburg, South 
Africa (Sehepers, G. W. H.: Am. J. D. D., 12: 99-116, 1945). Both authors 
stressed the broad conception of the disease, emphasizing the “skip areas”, the 
red “rubber hose” appearance of the bowel, and the probable association with 
ulcerative colitis. Owens described neuromuscular hyperplasia a.s a chameter- 
istic feature but hesitated in ascribing its etiology. Schepem emphasized the 
small serosal granulomas wliicli are characteristic of the disease, sometimes simu- 
lating sarcoid. He divided the disease into two components: 

1. A primary phase characterized by: 

(a) A stage of edema of the submucosa and serosa with dilatation of sub- 
mucosal hunphatics and hyperemia of the juxtamuscular adventitial blood 
vessels, 

(b) A stage of plasma cell infiltration of the submucosa and serosa, 

(c) Diffuse fibrosis, with disappearance of the plasma cells, except where the 
latter are trapj^ed, 

(d) Healing; and 

2. A sccondaiy phase, characterized bj'' ulceration superimposed on any of 
these phases of the primary lesion, with corresponding modification of the patho- 
logic process. There are tendencies to early or late perforation, fistulation and 
granuloma formation. 

In evaluating the etiology of this condition, one is impressed by two prominent 
features, namely: the hyperplasia of the neuromuscular elements with signs of 
irritation of IMeissner’s ple.xus or its central connections; and the usual presence 
of a heavy eosinophilic cellular infiltration. Along these two lines, two theories 
of causation have c\'olvcd, one concerned with a neuropathy, the other with an 
allergy. Although the lesion is of manifest inflammat ory nature, the part plaj'cd 
bj' many bacterial agents is probably sccondar 5 ^ Nonmotile Escherichia coli, 
Slreplococcus riridans and otlier organisms have been recovered from many lesions 
but no conclusions have been drawn as to their relationship to the lesions. Be- 
cause of the granulomatous nature of the disease, search has been made for acid- 
fast organisms l)y direct staining, culture and guinea pig inoculation, but has 
proved fruitless. The similarity to Boeck’s sarcoidosis has brought up the asso- 
ciation of this condition with regional enteritis, but so far no conclusive evidence 
of a similar causation has been established. There ma}' be some remote associa- 
tion with lipophagic granulomatosis of the enteric tract. 

With the increasing frequenc 3 " and recognition of this condition, pathologists 
are in an excellent position to add much to the Imowledge of this confusing dis- 
order, both as to etiolog.v and pathologj” of its manj' complex stages. 

Oakland, California Paul Michael 

CoN'CKKXIXG iMETIIODS OF TISSUE StAIXIXG 

The importance of staining methods in clinical pathologjq in both its diag- 
nostic and investigative aspects, can hardlj" be overestimated. The rapid pro- 
gress made in normal and pathologic histologj’ would be unimaginable without 
the aifl of stcadih' improving staining technics which permit the differentiation 
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of othenvise indistinguishable histologic details. In il,o bcainnba. -tainin- 
methods were devised on a purely empirical basis. Tiie only aim -.vartt> inm-mr 
different shades to various morphologic structures. T«,»Jav, however, tii'-re "b an 
increasing tendency to make color contrasts meaningful in' terms of i.is.s’,ic dmnv 
istrs'. There is good reason to believe that in tin- future histodiemical melmivs 
will contribute considerably to our understanding ..f the functiuns of the eelb 
and tissues. 

The number of new staining technics and of modihoations of old ones published 
yearly is so large that it is impossible for the pr.-.^^'tir;^! clinical ptu.iu.ioaist to 
keep pace ^vith them. Fortunately, the simplest staiti.- will permit accurate- 
diagnosis in the vast majority of cases. This fact, to^ciher witit luck of time 
and of expert technical aid, possibly accounts for the rciiriiu! cxdiisivo use of 
hematoxxdm and eosin, after formalin fixation, by a vciw' huge nurnbf-r of patholo- 
gists. However, for purposes of research in pathoiogv", sometimes even for liiose 
of diagno.sis, this simple technic will often fall short of glviiig the dc.'lrcd infor- 
mation. 

The files of slides and of tissue blocks of the clinical pathologists form u real 
treasurj* to draw from whenever old cases have to be reexamined ami reevaluated 
in the light of new knowledge. Quite often such reexamination invoive.< tiiC 
application of e.xacting staining technics to the old material. How fii^appoin'ing 
it is to find that tbe precious material is utterly wasted, as far as .-'cienee is con- 
cerned, because it has been treated in such a way that finer staining motiinds 
are impossible. It is so easy to prevent this waste. Most of the irreparable 
damage is done by improper fixation. The mo.st common ca\ise for improper 
fixation is the use of pieces of tissue which are too thick. Xo fixing fluid can 
penetrate any tissue block thicker than about 3 mm. fast enough to prevent 
autolysis in the center of the block. The next important point is the dioice of 
the right fixative. Formalin does not >*ield entirely s.atisfaciory results with 
many of the more delicate methods. Probably the best universal fixative for 
practically all staining methods, with the exception of those for tiic demonstra- 
tion of enzxTnes, is Bouin’s fluid, especialh' that with the acetic acid strength 
reduced to 2 percent, oriMassonb modification (0.1 to 0.5 per cent trichloroacetic 
acid instead of acetic acid). This fluid can be made up in ’oulk and wili keep 
indefiniteb'. For enz\Tnatic stains, fixation in ‘'chilled acetone is required. 
For certain special purposes (as neurohistologv* and demonstration of Ttolgi 
apparatus and mitochondria), the use of other fixatives may ho indicated, liic 
third point is careful dehydration. Tissue blocks carried tl.'rougli the alcohol 
series in a rush often are incompletely dehydrated and suffer marked riirinkage in 
the course of embedding. The blocks should be embedded in paraffin in which 
they remain unchanged indefinitely. The dilute alcohol in which cciloxiin 
blocks are stored ruins the tissues within a few weeks. 

This editorial ends with the following plea to all clinical pathoIogiM^- I/cwide-‘- 
running your ti.ssues for diagno.sis in your routine wa^x save, whenever tnc 
amount of tissue available permits, one Bouin-fixed and, for en 2 \matiC .•-.ains, 
one acetone-fixed paraffin block from everv* case. The amount oi extra work 
involved is minimal, and the returns will be gratifying. 


Chicam 
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Cytologic RccognitUm of Cancer in Exfoliated Material from Various Sourees; Useftil Modi- 
fications of the Papanicolaou Technique. WAunEN C. Hunter and Howard L. Riciiard- 

PON. Surp., Gynec. ami Obst., 85: 275-280, 1947. 

TIio authors ofTor certain modifications of the method originally described by Papanico- 
laou for the cytologic recognition of carcinoma in exfoliated material. The following pro- 
cedure is carried out in the preparation of specimens of bronchial aspirations, gastric tluid, 
rectal mucus, ascitic or other fluid and urine. Those obtaining the specimen add immedi- 
ately a good quantitity of 10 per cent formalin which serves to arrest autolysis and begins 
the proces.s of fixation. AVhcu the material reaches the laboratory the technician adds a 
quantity of saturated aqueous solution of picric acid which is a good protein precipitant and 
also a good fixative. The material is then filtered through filter paper and the residue is 
prc.s.scd into the tip of the cone with a rorl until it becomes a compact ball. It is then im- 
bedded in paraffin and the sections stained by the Papanicolaou technic. 

The authors found that this method has many advantages: (a) cells of all kinds are well 
preseiwed; O’) the cells arc concentrated, obviating the necc.ssity of long search over wide 
areas; (c) the cells are all in the same focal plane and do not overlie one another; (d) a num- 
ber of sections can be. cut and mounted on a single slide, assuring adequate sampling and 
affording economy of slides; (c) groups of cells are not torn apart as with smearing, thus 
enabling one to see cells in a pattern and in their relation to one another. 

In preparing vaginal fluid the authors adhere to the original Papanicolaou technic of 
making a smear at the time the material is obtained and of fixing it immediateh’ in alcohol- 
ether. The remainder of the specimen is not discarded , however, but is fi.xcd in 70 j>er cent 
alcohol, imbedded and the sections stained by the Papanicolaou method. The latter was 
found to bo a valuable adjunct to the vaginal smear examination. 

Using this procedure, Hunter and Richardson were able to give valuable aid to the bron- 
cho.scopists and, on a number of occasions, were able to make a positive diagnosis of carci- 
noma in the presence of a negative biopsy. The prompt addition of formalin or picric acid to 
material from gastric aspirations prevented digestion so that normal gastric mucosa and 
neoplastic cells could readily be identified. In the examination of urine specimens it was 
found that the cytologic differences between normal mucosa and carcinoma here is as clear- 
cut as in other locations. The authors also believe that this method will be valuable for 
detecting colonic cancer from specimens of rectal mucus. In examining transudates and 
exudates it was found that much time and effort can be saved by the simple procedure of 
precipitating protein from the fluid with picric acid, filtration, imbedding and sectioning. 

The value of the Pai)anicolaou stain w:is emphasized . The authors considered it superior 
to other stains because of the striking sharpness with which the nuclei stand out under low 
power and the fine nuclear detail brought out by higher magnification. 

Detroit 0. A. Brines 

A Classification of Orarian 7’unwrs Based Upon Histogenesis. John A. Spencer and 

Pmr.ip J. Reel. Am. J. Obst. and Gynec., 64: 273-280, 1947. 

The authors have proposed a classification of ovarian tumors based on histogenesis, 
which is similar to that suggested by Schiller. There are three main groups with several 
sulxli visions under each. 

Group I is designated as Ovaroi genetic and includes tumors developed from the tissues of 
true ovarian structure. Specifically they are the granulosa cell and theca cell tumors, ar- 
rhenoblastoma, di.sgonninoma an<l fibroma, angioma and myoma. The cystomas and endo- 
metrial tumors arc here classified. 

Group II is designated as non-ovariogcnetic and includes tumors developed from ti.s.suc.s 
not normally present in the ovary but which have been included in the ovarj' in fetal life, 
either by displacement of totipotential tis.sue or by displaeement of cell rests from nearby 
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structures. In thisgroupareplaced tliemetsrtatictnmors of the ovar.-^vhidid'-.-f-JorMi'jrin'- 
aduit life. The members of tiiis group. sre ic-raiomn. hyjre.^Kphroma. rrAsr.n.- oiif-irr-' 

Brenner tumor, ganglioneuroma and KrukenbergA fumor. " * * * 

Group III includes malignant tumors of undeterrniiied origin and if suggv'-trri ft,., 
thc.se represent almost completely undifferentiated forms of tumors v.hicli. if they 
better difTercntiatcd, could be recognized as tumors in Group I or 11. The carciim.ma fUu - 
plex and the scirrhous and plexiform carcinoma find their phmc i.n thi.- gro-ir;. 

The classification is logical, complete and practical .and v.ili be ust-ful’for patlmh.gists 
vrho encounter these tumors. "" 


O. A, Bnixxe 

Gastric Acidily Before and Afkr Dtvdoyrncul of Carcinoma of .^tomach. M. Vi. ('ny.r.'nir 
and M. P. Kelsev. .1, Xat. Cancer Inst., 7: .307-377, 1057. 

Gastric analyses were performed in 277 patients in whom a diagno-i? of gastric carrinorija 
v,-as subsequently established. There \va.s a period of fro.m 2 to •":* yea.rs (a-.-crage !1 vf-.-m.-i 
prior to the development of the cancer. This study revealed .achlorliydria in 127 paficnt.s 
(-I5.S per cent), a figure significantly higher (by 24 per cent) th.an that obtained in contm! 
groups of the same ages and se.x. Also, the group of patients uith apparently intact .a'^id 
.secretion prior to the detection of cancer exhibited lo'.ver values of free a^id than the control 
.series, if patients sufTcring from peptic ulcer at the time were excluded Finally, compari' 
son between the acid values observed }‘e.ars before, and (hose fosir.-d .after tlic development 
of cancer shoa-cd a progressive drop in most instances. 

The authors believe that the most likely interpretation of these finding? h tlie a.^surnp- 
tion of a prevalence of chronic atrophic gastritis, leading to progre.?.=ive destruction of arid- 
secreting cells, in the patients who subsequently «ieveloped gastric carcuiuina. 

Chicago Ki'p.-i riTftnx 


Preservation of Sheep Red Cells for Complement-Fixation Teds. .1, Bojitnov, N'. H. Bo.'S.v 
and a. Harris. Vcn. Dis. Inform., 28: 137-141,1017. 

Sex'en methods used for tiie preservation of sheep bIoo<l arc compared. Two rtscticsis 
were found to be superior and to be equally .satisfactory. The authors, modifying the A.'hby 
technic, ini.vcd twelve volume.? of a.3.S percent solution of sodium citrate with ten vol- 
umes of blood. In addition, it was fotind that the keeping qualities of sheep blo-wj were f!(>. 
pendent upon the qu.nntity of available oxygen. Hydrogen peromdc (6 parts of a .3 per cent 
solution per 100 parts blood mixture) provided a readily a%-ail.ablc oxygei! .source. 


Alcohol as a Disinfectant Against the Tubercle Bacillus. C. R. riMiTu. Pub. Health Rep., 
62: 12S5-129.5, 1947. 

Alcohol is an effective disinfectant against tubercle haciiii in tiro wot and dr>- states. 
While a 70 per cent solution is the most effective .ringic stremrth, .a 50 per cent solution b 
best for dry states and a 95 per cent solution is bc.^t for wet state.?. Tubercle barilj! in 
smear.? drieti from sputum arc usually killed by .50 to 70 per cent ethyl or 30 to SO per rent 
isopropyl alcohol in one to two minutes; in very tbieV; srirear? the liacilti survive the action 
of 70 per cent ethyl alcohol for five minutes, birt are killed within ten minute-.?. 


Influence of Penicillin on the, Coagulatiott of Bloevi, AEr.XAxm.n Iei-MINo and I-. R . f i.-u. 

Brit. -M* J., Xo. 4519: 242-243.' 1947, 

The loc.al application of penretUin in concentrated form, as in powder, was shown t«> have 
a retarditrK action rtn roagirl.ation and on eonlraction •>: the chtt. Trie local use <.d penicillin 
in an operation where tlie formation of :i firm blood clot 1.-= of importance, a.- in dental .-nr- 
gcry , should be Umitcil to washitrg out the cavity with a solution of the tinsg in a coueen'Aa- 
tton not e.xccedirig 100 rrnits per ml. These results have no bearing on the sy stcimc ai'pb.ca- 
lion of pcntcillrn. 
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J?h . . . Ils Rdatinn lo Congenital Ilcmohjlic Disease and to Intragroup Transfusion Reac- 
tions. Edith L. PorrEn, M.D., Ph.D,, Assistant Professor of Pathologx-, Department of 
Obstetrics ami Gynecologj-, The Universiti- of Chicago and tlie Chicago Lying-In Hos- 
pitni. 344 pp., Go figs., 1~ tnbles. S7.50. Chicago: Tlie Year Book Pulilishcrs, 1047. 

Tliis coinpreiicnsive Tnonograpli is the second publication on tiie clinically important 
.subject of isoimmunization by the Rli factor, Broman’s revietv having been published in 
1944 at Stockholm. It is not a .simple task to cover all aspects of this subject which bor- 
der on the fields of pathologj-, pediatrics, hematology, biochemistrj', serologj' and genetics. 
By and barge. Potter has done a commendable job in assembling the vast material, much of 
which is not sound scientifically. It is to her credit that she has not been misted by claims 
which have been recently made in explanation of some of the manifesttitions of Ilh incom- 
patibility, c.g., (X proteins, conglutination, pathogenesis of kemictenis, clinical correlation 
of .symptoms depending upon the presence of agglutinins or blocking antibodies, and conge- 
nital malformations induced by isoimmunization!. 

The first four chapters cover the historical background of individual blood differences, 
the discovciy of the new blood factor and the series of events which led to the serologic and 
genetic complexity of the Rh factor. The book was written just about the time that Ameri- 
can workers were gradually abandoning the multiple allelic theoiy in favor of the Fisher- 
Race theon- of linkage at three different loci. The reviewer cannot accept Potter’s sugges- 
tion that “a change in terminologj' would not necessarily be involved”. The reader will 
avoid the utter confusion created by the older terminologies of the multiple gene theory, if 
he fir.st studies the much simpler Fisher-Race theorj' which fakes into account the three 
main Rh factors (C, D and E) and their gcnetic.ally related Hr factors (c, d and c). 

The reviewer must take c.xccption to Potter’s .stand on the mechanism of transplacental 
i.ooimmunization. It is highly prob.able that early abortions, and complications of labor do 
not by themselves play the essential role in transferring fetal blood into the maternal cir- 
culation. .Since all workers arc agreed that minute quantities of fetal blood arc sufficient 
for isoimmunization, such passage may occur during the course of each and every normal 
pregnancy. In this connection the occurrence of erythroblastosis fetalis in the first born is 
important, independent of the influence of previous intravenous or intramuscular injections 
of blood. Incidentally, the author does not sufficiently appreciate the antigenic properties 
of blood .administered either by subcutaneous or intramuscular route. 

Potter contributes a sendee in taking a stand that, aside from the role of the Rh factor in 
erythroblastosis fetalis and transfusion accidents, the Rh factor is not related to abnor- 
malitic.s of pregnancy or other conditions of the fetus or newborn infant. Tlie several 
claims regarding congenital malformations, abortions and premature separation of the pla- 
centa are not supported by statistical studies. 

Tlie author’s long experience with newborn infants is reflected in the e.xcellcnt sections 
on the clinical and pathologic features of erythroblastosis fetalis and the differential diag- 
nosis. There are numerous illustrative photographs of the gross and micro.scopic 
pathology. In the section on treatment of the affected infant with transfusion of Rh-nega- 
tive bhwl, no mention is made of the precipitin test for the differentiation of those infants 
who require intensive therapy and perhaps a replacement transfusion, from tiiose who will 
perlnaps require one or two transfusions. The test is, however, referred to elsewhere in the 
text. Recent experience ndth the study of the cord blood with the precipitin test of 
Coombs, Mourant, and Race reve.als that it is far more sensitive than other tests. The re- 
viewer can only applaud her view that exsanguination transfusion should be limited to care- 
fully selected case.':. Potter offers the e.xcellcnt suggestion that the circulation through the 
cord of affected infants should be internipted immediately after delivery. 

In the last chapter which deals with technical procedures there are several statements 
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which may hr- cii;ilk.*iig<K!. In large pcale work if j? rieiJhcr feafshlo nor do:-irahl!' iu u'-'^ Ji 
Hopfirate pipet for each hlotKi to be to?t.ed. At this writing there is no reep'-rim'-nta! seniin <.f 
animal origin which v;ii! meet the criteria laid down by the Xational institute of HeaUh. 
f.c., 32 titratuhlf activity units. Although the b!o<yl of the fetus will frequently contain 
factor?, (f or K in addition to D, the mother will more oft'm pro<iuce only anti-D (.anti-Ilfi.-) 
because D is far more antigenic than cither C or E, 

Tiie enormity of Dr, Potter's task is illustrated by the 79i complete refercnccc r-ontc.ining 
remarkably few c.stabli.shod facts which are lo.st In a %'critah!e maze of unsubstan- 
tiated claims and nunierou.s paper.s which contribute notliing but coririnnation. Tld^ mono- 
grajih should be of coasiderahle hedp to the reader who may otiierwise fio.at in a r.-f don!>t . 
Raritan, Xfv: Jersey Phimp I.cvink 

Enajdopedia of Endocrinolog’j. Section IV, Volume VII, in tvro indejiendent units: (1) 
Ovarian Tumors, (2) Pefcrenccs. B\' II.\xs Sm.YE, M.D.. Ph.D.. D.Sc., F-U.k',, Direc- 
tor of the Institute of E.vperi mental Medicine and .Surgery, L'niver.sity of Montre.al. 
77G pp.. 37 plates. $21.75. Montreal. Canada; Kichardson, Bond arid Wrinhf . It'MG. 

Thi.s cornprchen.sivc work on 0’.’arian Tumors appears in loose leaf form contained in in- 
fle.vihlc three-ring leather covers. The unit on Ovarian Tumor.? cont.ain': 2?ri pages witls GO 
additional pages of periodical referenee.s. There are 37 full page pkue.s with 5 to ft illustra- 
tions on each, including photograph.? of p.atients, gross specimen.?, piiotomicrograp!!.- and 
x-ray photographs. The subject matter i.s inde.'rcd and fiivideJ into sections by subject 
divider.?. The reference unit contain,? 427 pages of bibliography. There are 15,000 refer- 
ences on ovarian tumors. 

In the unit on Ovarian Tumors, the author comments tiiat the main purpo.se of the En- 
cyclopedia “is to demonstrate, using endocrinologj' a.s an e.?amp!e, the essential fe.'tsibihty 
of a rational classification and evaluation of all publications pcriineiit to a large field of 
medicine”. The volume by no mean.? is confined to discussion of endoc.rinolugy Imt por- 
tray.? all aspects of ovarian tumors in .such a manner that the text will have wide appeal to 
gj'necologists, endocrinologists and pathologists. 

The tc.xf. begin.? with a “Discussion of Ovarian Tumors in General”, v.-hich include- ch.aj>- 
ters on Beviews, Definition, Histoiy, Classification, Pathologic .\na!omy, Chomica! Com- 
position, Incidence, Pathogenesis, Clinical Course, Complications, Diagnosis, Prognosis 
and Therapy. The Classification includes those of Goorlall, Barzilai. Sciiiller, Xovak. 'D-n 
Teacher, iNIillcr, Gci.?t and Taylor which are presented in detail. The remainder of the book 
considers Para-ovarian Tumors, Endocrine Tumors, Chorio-epitheliomas, Common Cy.*ts, 
Common Ctircinornas (including Krukenberg), Mesonophromas and Brenneronras. Endn- 
metriosis, Teratoid.?, and Xon-cpitholial Tumors in the same .systematic way, uith some 
Jidditional material included. There are abundant gocsi illustr.ation.? to sup{)ie!Jient the 
reading material. The illustrations arc goner.ally c.xcollently reproduced. A tvorthy con- 
tribtition include.? a di.scussion under e.ach heading of similar ov.ari.an tiimo.''s in animals. 

Careful reading of the te.xt is rccjuirtKl to obtain an adenu.ate idea of the irnmen.sity of the 
undertaking. It is truly an encyclopedia of fact.?. The accumulated knowledge ’nroneht 
together by Solyc is f.ar greater than ever before attemj>ted in tlic English language, so tar 
as the reviewer lias observed, and written in such a nn.snner that one 5 inme<iiatcly sen.-cs the 
patience, ingennity, litcraiy and scientific ability of th.e author. The l-Ineyc!ojK''-iia. tts it 
refers to (dvarian Tumors, tvill serve .as a valued addition to the referenre Hbr.aty o: all tlK-se 
interested in the gynecology, endocrinology and patholog\‘ of the subject. 

Detroit 
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